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Drawing 699-600-114 - Instrumentation Drill Hole Location Map 
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INTRODUCTION 


Instrumentation at Clark Canyon Dam at the time of the June 1980 SEED 
examination consisted of 13 observation wells, 21 embankment measurement 
points, 104 structural measurement points, and a V-notch weir and a 
Parshall flume to measure seepage and toe drain flows. Measuring of the 
water levels in the 13 observation wells and recording the discharge rates 
of the toe drains were discontinued in 1972. The monitoring program was 
reestablished in the summer of 1984. Periodic surveys of the embankment 


and structural measuring points have not indicated any abnormal conditions. 


The seepage conditions at the time of the SEED evaluation could not be 
adequately assessed. Consequently, a minimum instrumentation program was 
developed and was later modified. These instructions were documented in 


the following memorandums to the Regional Director: 


1. Assistant Commissioner's (Engineering and Research) memorandum 
dated October 7, 1982, subject, "Minimum Instrumentation Program Clark 
Canyon Dam - East Bench Unit - Three Forks Division - Pick-Sloan Missouri 


Basin Program, Montana". 


2. Assistant Commissioner's (Engineering and Research) memorandum 
dated June 13, 1984, subject, "Modifications to the Field Exploration 
Program - Clark Canyon Dam, East Bench Unit - Three Forks Division - 


Pick-Sloan Missouri Basin Program, Montana". 


3. Assistant Commissioner's (Engineering and Research) memorandum 


dated September 27, 1984, subject, "Additional Instrumentation and Field 
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Explorations - Clark Canyon Dam - East Bench Unit - Three Forks Division 


-Pick-Sloan Missouri Basin Program, Montana". 


4. Assistant Commissioner's (Engineering and Research) memorandum 
dated March 1, 1985, subject, "Modifications to the Field Exploration 
Program — Clark Canyon Dam - East Bench Unit - Three Forks Division - 


Pick-Sloan Missouri Basin Program, Montana". 


Additional changes were made to the program as data was gathered. These 
were not documented as they were through verbal communications between 


Regional and E&R Center personnel. 


This report discusses in detail all of the work that was completed for the 
instrumentation program, and provides background information on the 
geology, construction and seepage that is related to Clark Canyon Dam. 
Additional information, such as gradations of toe drain (original), 
embankment and foundation materials, will also be presented in the Testing 
Section of this report. The downstream drain modification and construction 


completed during 1984 and 1985 will not be covered. 


GEOLOGY 


The dam is situated within the Beaverhead River Canyon with steep 


(1-1/2H:1V) slopes on the left (west) bank and flat (5H:1V) slopes on the 


right (east) bank. 


The dam is founded on Holocene alluvial deposits in the stream section, and 


Holocene alluvial fan deposits over the Tertiary Beaverhead Formation 
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(conglomerates and lake sediments) in the right abutment. Part of what has 
been classified as the Beaverhead Formation in the right abutment may 
actually be late Tertiary terrace deposits. However, due to their 
similarities with the uncemented conglomerates in the Beaverhead Formation, 
they could not be separated by drilling data. Engineering properties of 
both units would be similar and therefore, they are considered as one unit 
(Beaverhead Formation) for this report. Madison limestone of Mississippian 
age underlies the Beaverhead Formation in the right abutment and the 
alluvium deposits in the stream section. Badly broken Madison Limestone 


also forms the left dam abutment. 


Three geologic cross-sections (Figures 2, 3, and 4) normal to the dam 
embankment were constructed from information derived from the 1984-85 
drilling program. These cross-sections were originally prepared by the 
E&R Center (code D-230), and have been modified to reflect the final 
drilling information. Section 1-1 is at Station 17+00, section 2-2 is at 


Station 19+00, and section 3-3 is at Station 24+50. 


In general, the Tertiary Conglomerate - Mississippian Limestone contact 
beneath the right side of the dam is essentially flat-lying with only minor 
surface irregularities. East of the dam, the contact drops off rapidly 
into an older buried channel. The limestone is hard (scratched by knife 
with difficulty), locally oxidized, and locally badly broken with calcite 
healed or clay lined joints. No solutional cavities were found in any of 


the limestone during drilling. 


The Upper Cretaceous and Tertiary Beaverhead Conglomerate (may include late 


Tertiary terrace deposits) is composed of subrounded to subangular 
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limestone gravel in a slightly calcitic sand and fines matrix. The 
formation where penetrated by drilling is uncemented but compact. On 
average, the conglomerate is composed of approximately 55 percent gravel, 
35 percent sand and 10 percent nonplastic fines. The thickness of the 
Beaverhead is variable, ranging from approximately 0 to over 250-feet east 
of the dam. It grades in composition both vertically and horizontally and 


is generally lenticular in nature. 


The Holocene alluvial fan deposits developed as slope wash coming from the 
mountain flanks east of the dam. This material is also lenticular and 
grades both vertically and horizontally. It contains a much higher 
percentage of silt and fine sand than the underlying conglomerate. Gravels 
are less common but sand and gravel zones are found interfingered with the 
main deposit. In general, the material is less compact than the underlying 
conglomerate but appears to be fairly firm beneath the dam. In the seepage 
area, however, penetration resistance tests indicate that this material is 
less dense and much softer. This is probably the result of artesian 
pressures acting on the material and actually floating particles in a 
"quick" condition. Penetration resistance tests in this material beneath 
the dam were above 20 blows per foot while downstream of the dam in the 
boggy area, (DH 84-1 and 85-3) they were considerably below 20 blows per 


foot. This material is up to 30-feet-thick in places. 


Holocene river alluvium deposits occur below the flood plain in the river 
channel. The deposits range from compact silty to clayey sand with gravel 


to clean sand and gravel. They are lenticular and contain discontinuous 
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channels that would be difficult, if not impossible, to locate by drilling. 
All penetration resistance tests conducted in this material exceeded 20 


blows per foot. 


A low angle thrust fault was encountered in the Madison Limestone in the 
cutoff es from Station 17+50 to Station 22+00 during construction. 
Some faulting in limestone was logged in several bore holes drilled in the 
late 1940's, but none was reported in alluvial deposits. A several mile 
long thrust fault, located northwest of the site, with the closest mapped 
approach to the dam of 1/4 mile (USGS Map 1-433), places Madison Limestone 
(+250,000,000 YBP) on strata of the Beaverhead Conglomerate 

(+30,000,000 YBP). The younger conglomerate is strongly folded and 
overturned in front of the thrust. The thrust is covered by apparently 


undisplaced Tertiary basalt flows north of the dam. 


A cutoff trench 30 to 100 feet wide and 5 to 50 feet deep, was excavated 
between Stations 14+00 and 32+00. No cutoff was provided from Station 
11+00 to Station 14+00 (extreme right abutment). The cutoff trench was 
excavated to bedrock from Station 17+50 (elevation 5470) to Station 32+00. 
Due to severely fractured and decayed limestone from Station 17+50 to 
Station 22+00, the cutoff trench had to be widened and deepened. From 
Station 17+50 to Station 11+00 the cutoff trench was excavated in alluvial 
fan deposits and the Beaverhead Formation. The embankment upstream and 
downstream from the cutoff trench in the stream and right abutment sections 
was generally founded in Holocene alluvium and fan deposits. The left side 


of the dam rests entirely on the Madison Limestone. 
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The foundation below the cutoff trench was grouted with 241 holes from 
Station 18+00 to Station 31+90. These holes accepted 49,903 sacks of 
cement in 22,945 linear feet of hole for an average grout "take" of 

2.0 £t3/ft of hole. No grouting was completed between Stations 11+00 and 


18+00. 
SEEPAGE 


Seepage has never occurred along the spillway, groins of the dam or the dam 
embankment. Water seeps, however, have existed downstream from both the 
right and left abutments for a number of years, with one below the right 


abutment being observed during the 1980 SEED examination. 


The seeps on the left abutment side occur only during high reservoir 
conditions. Broken and weathered zones within the limestone slowly seep 
water into a collector ditch near the downstream camping area. Flows are 
monitored by a V-notch weir placed above the junction of the collector 


ditch and the spillway channel. 


The area of concern on the right abutment extended from the downstream toe 
of the dam for a distance of about 200 feet. In plan view, the boggy area 
was roughly triangular in shape and was 200 feet wide by 600 feet long, 
following the 8- and 12-inch toe drains from about dam Station 16+50 to 
Station 22+50. Seepage did not occur in the embankment above the toe 
drains. The ground surface within the boggy area was saturated, spongy, 
and supported a thick growth of grass. At several locations, springs (less 


than 1 gal/min) were observed "boiling" gently upward apparently under 
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hydrostatic pressure. Springs ran clear and were surrounded by very soft 
silts. The estimated total flow from the seepage area was 5 gal/min. in 


June of 1980. 


During the early summer of 1984, the reservoir behind Clark Canyon Dam 
reached eF levels (Elevation 5564.7 on June 25), and water was released 
through the spillway for the first time. The seepage area in the right 
abutment became more visible and sand boils increased in size and number. 
The extent of the seepage area as it existed during the early summer of 


1984 is shown on Figure l. 


A sand and gravel berm was placed adjacent to the dam along the upstream 
portion of the seep to stabilize the area and to prevent piping of the 
foundation. An attempt was made to strip the topsoil prior to constructing 
the berm. As the topsoil was being removed, a small, dozer induced mud 
flow occurred, originating from the saturated surficial portion of the 
right abutment. The mud flow occurred on June 29, 1984, and moved 
downstream along the dam toe. The flow destroyed a recently installed 
observation well (DH 84-1). The saturated silty sand and alluvial fan 
deposits would support the dozer for one pass and then act in a "quick" 
condition, burying the dozer on subsequent passes. The gravel blanket was 
very difficult to place because of these foundation problems. The location 


of this berm is shown on Figure l. 


From late July to early August, 15 temporary observation wells were 
installed around the boggy area to monitor the increased seepage at the toe 


of the dam. Locations of these wells (OW 84-201 through -215) are shown on 
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Figure 1 and Drawing 699-600-114. Well characteristics are described on 
Table 1. Six of these wells (OW 84-201, -202, -203, -206, -210, and -213) 
were later destroyed when a drainage system was installed. Figure 1 shows 
the approximate outer margin of the seep area between June 24 and July l, 


1984, and also the water table as it existed on August 20, 1984. 


During late 1984 and early 1985, the right abutment toe drain was replaced 
and drains were installed in the seepage area to lower the ground water 
table. Seepage has not been a problem since this program was completed and 
the entire surface area of the boggy area has been stabilized and dried up. 
The area will be closely monitored to insure that the drainage system is 


performing in a satisfactory manner. 


The left abutment toe drain is also being replaced at the present time. 
Both left and right toe drains were found to be damaged and in need of 


repair. 


INSTRUMENTATION 


Work on the instrumentation program was started in May of 1984 and 
intermittently continued through July of 1985. The program involved 
rehabilitating some of the existing wells and installing new ones in the 
embankment and foundation. Associated with this was the collecting and 


testing of drill core samples. 


Five wells (DH 114, 122, 134, 140, and 141) were drilled during 1960 or 
1965 to monitor the ground water in the area of Clark Canyon Dam. 


Galvanized, 1-1/4-inch-diameter metal pipe was installed in each well upon 
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completion. During late spring of 1984, 3/4-inch-diameter plastic pipe was 
inserted inside of the existing metal casings. This rehabilitation was 
done to insure that monitoring could be continued even if the old metal 
pipes corroded and/or collapsed. The plastic pipe in DH 140 was also 
extended several feet to prevent water from flowing from the well deine 
high reservoir periods. Protective metal pipes with locking caps were 


placed around each of the rehabilitated wells. 


Two wells DH 142 and W-4 were not modified and remain as they were when 


originally drilled. 


Surveys conducted during August of 1985 established new elevations for all 
of the older wells. These elevations along with other pertinent data are 
listed on Table 2. Geologic logs for all of the older wells are not 
included in this report but are available in the Upper Missouri Regional 


Office. 


Most of the instrumentation program developed for the SEED program was 
centered around the completion of the 17 new holes that were drilled during 
1984 and 1985. These holes include PR 84-1, -5, -6, -10, -10A, -1l, and 
=13 and DH 84-2, -7, and -12 drilled in 1984, and PR 85-3, =-3B, and -9 and 
DH 85-3A, -4, -8, and -11A drilled in 1985. A total of 26 porous tube 
piezometers and 3 slotted pipes were installed in the 17 drill holes. 
Locations of these holes are shown on Drawing 699-600-114. Detailed 
descriptions of geologic materials and piezometer installations are on the 
geologic logs which are included in the appendix of this report. Table 2 


also summarizes pertinent data for these wells. 
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Associated with the drilling and installation of the piezometers was the 
collection and testing of materials samples. This will be discussed in 


detail under the "Testing" section of this report. 
A summary of the work completed at each of the well locations follows: 


PR 84-1 is located approximately 200 feet downstream of dam 

Station 17+00. Total depth is 49.2 feet. The upper 18.0 feet contains 
Holocene alluvial fan deposits with Upper Cretaceous to Lower Tertiary 
Beaverhead Conglomerate from 18.0 to 30.9 feet and Madison Limestone below 
30.9 feet. This hole was drilled in the seepage area in the right abutment 
and had standard penetration tests (SPT) exceeding 20 blows/foot except at 
the follwing intervals: 0 blows/foot from 0 to 10 foot depth, and average 
of 11 blows/foot from 10 to 21.0 foot depth. (Sandy silt was found at 0 to 
9.0 feet and sand at 14.5-18.0 feet). Two porous tube piezometers were set 
in this hole (the upper in conglomerate and the lower in limestone). This 


drill hole was destroyed by the mud flow of June 29, 1984. 


DH 84-2 is located approximately 8 feet upstream of the dam crest at 
Station 19+00. Total depth is 120.6 feet. Drilling penetrated Zone 2 
material to a depth of 22 feet and Zone 1 embankment from 22.0 to 99.1 (7?) 
feet. The Beaverhead Conglomerate is present from 99.1 to 105.6 feet with 
Madison Limestone below 105.6 feet. Three porous tube piezometers were set 


in the hole (the upper 2 in Zone 1 and the lower in limestone). 


PR 85-3 is located approximately 200 feet downstream of dam 


Station 17+00. Total depth is 48.0 feet. The upper 9.5 feet consists of 
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fill (gravel blanket spread out during 1984). Alluvial fan deposits are 
present from 9.5 to 25.8 feet with the Beaverhead Conglomerate from 25.8 to 
38.2 feet. Madison Limestone lies below 38.2 feet. The only SPT tests 
which did not exceed 20 blows/foot are at 3 feet (in fill, with 18 
blows/foot) and at 18 to 22 feet (in silty sand, ranging from 17 to 5 
blows/foot). Two porous tube piezometers were set in this hole (the upper 
in conglomerate and the lower in limestone). This drill hole replaced PR 


84-1 which had been destroyed in the 1984 mud flow. 


DH 85-3A is located adjacent to PR 85-3. Total depth is 27.0 feet. 
The upper 4.8 feet consists of fill (gravel blanket) with alluvial fan 
deposits below (from 4.8 to 23.5 feet). This hole bottomed in conglomerate 
(from 23.5 to 27.5 feet). The hole was drilled to collect undisturbed 
(Butter's) samples of silty sand zones. Sampling results are discussed in 
the "Testing'"' section of this report. Piezometers were not installed in 


this hole. 


PR 85-3B is also located adjacent to PR 85-3. Total depth is 23.4 
feet. The upper 4.3 feet consists of fill (gravel blanket) with alluvial 
fan deposits present below (from 4.3 to 23.4 feet). One SPT test was 
conducted at the bottom of this hole which showed a blow count of 25 
blows/foot. This drill hole was also used to collect undisturbed samples 
of the sand and silty sand as these zones could not be sampled in DH 85-3A. 
Sampling results are discussed in the "Testing" section of this report. 


Piezometers were not installed in this hole. 


PR 85-4 is located approximately 70 feet downstream of dam 


Station 19+00. Total depth is 86.1 feet. The upper 28.0 feet consists of 
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Zone 2 material with 11 feet of Zone 1 embankment below (28.0 to 39.0 
feet). Zone 2 material was again encountered from 39.0 to 63.5 feet. 
Alluvial fan deposits lie below the dam from 63.5 to 77.9 feet with Madison 
Limestone below 77.9 feet. All SPT tests exceeded 20 blows/foot. Two 
porous tube piezometers were set in the hole (the upper in the Zone 2 


filter and the lower in the Beaverhead Conglomerate). 


PR-84-5 is located approximately 200 feet downstream of dam 
Station 19+00. Total depth is 32.3 feet. The upper 9.0 feet contains 
Zone 3 embankment. Zone 2 filter material is present from 9.0 to 18.0 
feet. Holocene alluvial fan deposits are present from 18.0 to 24.6 feet 
with the Beaverhead Conglomerate below at 24.6 to 31.1 feet. Madison 
Limestone lies below 31.1 feet. All SPT tests exceeded 20 blows/foot. Two 
porous tube piezometers were set in this hole (the upper in Zone 2 and the 


lower in the Beaverhead Conglomerate). 


PR 84-6 is located approximately 400 feet downstream of dam 
Station 19+00. Total depth is 30.6 feet. The upper 6.0 feet contains 
alluvial fan deposits. The Beaverhead Conglomerate lies between 6.0 and 
13.0 feet and the Madison Limestone lies below 13.0 feet. One SPT test (at 
5 feet) was at 20 blows/foot (below this depth SPT tests were well in 
excess of 20 blows/foot). Two porous tube piezometers were set in this 
hole (the upper piezometer in alluvial fan deposits and the lower in 


limestone). 


DH 84-7 is located approximately 8 feet upstream of dam Station 24+50 


on the dam crest. Total depth is 158.0 feet. The upper 116.0 feet 
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contained Zone 1 embankment (no Zone 2 material was identified at the top). 
Below the embankment lies 29.3 feet of river alluvium with Madison 

Limestone below a depth of 145.3 feet. Three porous tube piezometers were 
set in this hole (the upper piezometer is in Zone 1 embankment; the middle 


piezometer.is in river alluvium; and the lower in the Madison Limestone). 


PR 85-8 is located approximately 85 feet downstream of dam 
Station 17+00. Total depth is 81.5 feet. The upper 41.5 feet consists of 
embankment (Zone 2 material) with alluvial fan deposits below (from 41.5 to 
61.5 feet). Beaverhead Conglomerate is present from 61.5 to 71.0 feet with 
Madison Tee tone below 71.0 feet. All SPT tests exceeded 20 blows/foot. 
Two porous tube piezometers were set in this hole (the upper in Zone 2 


material and the lower in Beaverhead Conglomerate). 


PR 85-9 is located approximately 52 feet downstream of dam 
Station 24+50. Total depth is 131.6 feet. The upper 7.5 feet consists of 
Zone 2 material with Zone |! embankment from 7.5 to 90.0 feet. Zone 2 
material is again present form 90.0 to 100.0 feet. Below the dam lies 21.5 
feet of river alluvium (100.0 to 121.5 feet). Madison Limestone lies below 
121.5 feet. All SPT tests exceeded 20 blows/foot, with the exception of 18 
blows/foot at 41 feet and 20 blows/foot at 53 feet. Two porous tube 
piezometers were set in the hole (the upper in the Zone 2 filter and the 


lower piezometer in river alluvium). 


PR 84-10 is located approximately 330 feet downstream of dam Station 
24+50. Total depth is 20.5 feet. The upper 16.0 feet consists of Zone 3 


embankment with river alluvium present underneath to 20.5 feet. All SPT 
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tests were in excess of 20 blows/foot. A slotted 1-1/2-inch PVC pipe was 
installed in this hole upon completion. PR 84-10 had to be abandoned 


because of problems with drilling. 


PR 84-10A lies adjacent to PR 84-10. Total depth is 54.0 feet. The 
upper 16.0 feet consists of Zone 3 embankment with 26.0 feet of river 
alluvium underlying the embankment material. Madison Limestone lies below 
42.0 feet. All SPT tests exceeded 20 blows/foot. Two porous tube 
piezometers were set in this hole (the upper piezometer in river alluvium 


and the lower in limestone). 


PR 84-11 is located approximately 500 feet downstream of dam Station 
24+50. Total depth is 47.0 feet. The upper 36.0 feet consists of railroad 
fill and river alluvium with Madison Limestone below 36.0 feet. (Twisted 
metal shavings were found between 20.0 and 21.5 feet, therefore, Holocene 
river alluvium may lie between 21.5 to 36.0 feet in depth.) All SPT tests 
exceeded 20 blows/foot with the exception of a test at 6.0 feet (7 
blows/foot) in silty sand. A slotted 1-1/2-inch PVC pipe was installed in 


this hole upon completion. 


DH 85-11A lies adjacent to PR 84-11. Total depth is 10.4 feet. This 
hole is founded in railroad fill material and was drilled in order to 
collect undisturbed (Butter's) samples of soft silty sand. Refer to the 


"Testing" section for additional details. 


DH 84-12 is located approximately 8 feet upstream of Station 17+00 on 


the dam crest. Total depth is 119.5 feet. The upper 9.0 feet consists of 
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Zone 2 filter material. Zone 1 embankment was encountered from 9.0 to 65.0 
feet. Alluvial fan deposits were between depths of 100.5 and 106.7 feet. 
Madison Limestone lies below 106.7 feet. Four porous tube piezometers were 
set in this hole (the upper 1 on Zone 1 embankment, the next 2 piezometers 


in alluvial fan deposits, and the lowest piezometer in limestone). 


PR 84-13 is located approximately 325 feet downstream of dam 
Station 16+50. Total depth is 13.4 feet. The upper 9.3 feet encountered 
alluvial fan deposits which were underlain by the Beaverhead Conglomerate. 
All SPT tests exceed 20 blows/foot. A slotted 3/4-inch PVC pipe was set in 
the hole upon completion. This hole was drilled at an arbitrary location 
in order to test the procedures for obtaining Butter's thin wall samples. 
This observation well was destroyed when the seepage area drainage system 


was installed in late 1984. 


Drill hole numbers do not necessarily correspond to those assigned in the 
memorandums from the Engineering & Research Center. Hole numbers were 
adjusted to fit local conditions and to keep drill hole numbers in sequence 
(3 combined with 2, 8 combined with 7, 13 changed to 8, 3 replaced 1, and 
13 is Butter's sample test hole). Drawing 699-600-114 was prepared and 
shows the location of each drill hole and the numbering system used for 


each site. 
TESTING 


A series of samples were collected at various locations in the dam 


embankment and foundation. Some of the samples were analyzed by commercial 
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laboratories in Billings, Montana, and by the Bureau's materials laboratory 
at Deerfield Dam. Other samples were collected and shipped to the 

E&R Center for testing. Tests (Standard Penetration Resistance) were also 
conducted in most drill holes. The sample collecting and testing program 
that was undertaken during the instrumentation program will be described by 


type as follows: 
Standard Penetration Resistance Tests (SPT) 


Standard penetration resistance tests were conducted in most of the drill 
holes. Originally these tests were to be performed at every 5 feet, but 
the test interval was later changed by verbal communications from the 


E&R Center to 2.5 foot centers. 


All of the SPT testing had to be modified to fit field conditions. SPT 
tests were not conducted in the dam crest holes (DH 84-2, -7, and -12) as 
these were drilled with the E&R Center's Portadrill which did not have SPT 
capabilities. SPT tests were, however, completed in the embankment in 
holes drilled from the downstream dam face. In many instances, SPT tests 
could not be completed in the extremely gravely areas that were encountered 
in all of the dam's zones or in the Holocene (river alluvium and fan) or 
Tertiary (Beaverhead Conglomerate ?) deposits. The geologic logs of Drill 
Holes PR 84-1, -5, -6, -10, -10A, -1l, and -13 and PR 85-3, -6, -8, and -9 
‘show the depths where the penetration tests were taken and list the blow 


counts and moisture contents for each test. 


Blow counts varied for different material and in many instances were 


affected by gravel in the test zone. In some areas, gravel could not be 
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cleaned from the hole and the test was abandoned. The following table 
lists the minimum, maximum, and average SPT blow count results for tests in 


all of the materials penetrated in the drilling program: 


MATERIAL NO. TESTS MIN. BLOWS MAX. BLOWS AV. BLOWS 
Zone l 

Embankment 16 18 100 47.8 
Zone 2 

Embankment 7 29 90 56.9 
Zone 3 : 

Embankment 3 45 250 NES eye 
Downstream 

Berm Fill 2 18 63 40.5 
Railroad 

Fill 5 7 42 30.52 
River 

Alluvium ll 28 167(?) oS’ 
Alluvial 

Fan L7 0 167 B4ye 1 
Beaverhead 

Conglomerate(?) 8 72 250 60.4 
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All SPT tests were completed following the guidelines established in the 
ACER memorandum dated July 29, 1982, subject, "Supplement to the Earth 
Manual - Designation E-21, Penetration Resistance Testing and Sampling of 


Soil." 


Undisturbed Samples 


5-Inch Diameter Thin Wall Drive Samples 


A total of 7 (seven) 5-inch-diameter thin wall drive samples were collected 
in the 3 holes (DH 84-2, -7, and -12) drilled from the crest of the dam. 
Four of the samples obtained were in Zone 1 embankment materials. Dry 
density of these samples ranged from 114.6 to 123.2 pounds per cubic foot 
and averaged 119.6 pounds per cubic foot. Moisture contents varied from 
11.3 to 17.2 percent. Two samples were collected in alluvium deposits 
beneath the dam embankment in DH 84-7. In-place dry densities of these 
samples were 123.6 and 123.1 pounds per cubic foot with moisture contents 
of 14.9 and 13.2 percent, respectively. One sample was obtained in 
alluvial fan deposits beneath the dam embankment in DH 84-12. This sample 
had an in-place dry density of 107.2 pounds per cubic foot and a moisture 
content of 21.2 percent. Sample depths and additional data are listed on 
Table 3, the Supplement to Table 3, pages A-18 through -20, and the 
geologic logs for DH 84-2, -7, and -12 in the appendix. The thin wall 
samples discussed above were shipped to the E&R Center laboratories for 
testing accompanied by the memorandum dated December 11, 1984, subject, 
"Field Exploration Program, Clark Canyon Dam, East Bench Unit - Three Forks 


Division — P-SMBP, Montana." 
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Additional samples were attempted in various drill holes, but were damaged 
when the tubes were crushed in the gravely soils. Eventually, this 
technique was discontinued because of the inability to obtain usable 
samples. Physical property tests were performed by commercial laboratories 
in Billings, Montana, on 8 thin wall drive samples (2 in alluvial fan 
deposits, 1 in alluvium, and 5 in Zone 1) from DH 84-2, -7, and -12 that 
were disturbed during sampling. Results of these are listed on Table 3 
(Sample type C), and the Supplement to Table 3, pages A-l through -11 and 
-14 through -17 in the appendix. Locations and depths where the samples 


were collected are shown on the geologic logs for DH 84-2, -7, and -12. 
Butter's Thin Wall Fixed Piston Samples 


Nine Butter's thin wall fixed piston samples were obtained in Drill Holes 
DH 85-3A, -3B, and -11A. Six samples were from alluvial fan deposits in 
Drill Holes DH 85-3A and -3B, and 3 samples were in railroad fill in 

DH 85-11A. In-place dry densities ranged from 82.8 to 111.3 pounds per 
cubic foot (average 97.6 pounds per cubic foot) in the alluvial fan 
deposits and 74.4 to 86.5 pounds per cubic foot (79.9 pounds per cubic 
foot) in the railroad fill. Additional data are listed on the geologic 
logs for DH 85-3A, -3B, and -11A; Table 3; and the supplement to Table 3, 
pages A-21 through -30 in the appendix. All of the samples collected were 
shipped to the E&R Center's laboratory accompanied by the UM Regional 
Engineer's memorandum dated August 19, 1985, subject, "Transmittal of 
Butter's Samples From Clark Canyon Dam - ThheeeFerks Division - Pick-Sloan 


Missouri Basin Program, Montana." 
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Core Sample 


One disturbed core sample collected from the Zone 2 embankment in 

Drill Hole PR 85-9 was tested by commercial laboratories in Billings, 
Montana. Physical properties test results and additional data are listed 
on the geologic log for PR 85-9; Table 3 (Sample Type C); the Supplement to 


Table 3, pages A-12 and -13 in the appendix. 


Test Pit Samples 


Two in-place density (sand cone) tests were conducted in the alluvial fan 
materials in an area about 10 feet downstream from Drill Hole DH 84-13 
(seep area in right abutment). The upper test was at a depth of 1.1 to 2.1 
feet, and the lower test was at a depth of 3.1 to 4.1 feet. The materials 
were classified as silty clays and silts. In-place dry densities of 98.1 
and 93.5 pounds per cubic foot were calculated for the upper and lower 
tests, respectively. Maximum dry densities were determined in the 
laboratories to be 107.8 pounds per cubic foot with a moisture content of 
16.2 percent for the upper horizon and 112.5 pounds per cubic foot with a 
moisture content of 13.7 percent for the lower horizon. All sampling and 
testing was completed by John Thompson from the USBR's materials laboratory 
at Deerfield Dam. Additional data are listed on Table 3 (Sample Type FD); 


and the supplement to Table 3, pages A-3l1 through -45 in the appendix. 


Additional density tests were to be done near Drill Holes DH 84-1 and PR 
85-3, but saturated, unstable material in these areas complicated testing 


procedures. Tests at these locations were abandoned. 
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A surface sample (alluvial fan deposits) collected from a shallow pit in the 
saturated seepage area (N. 25, 832; W. 13, 904) in the right abutment was tested 
by commercial laboratories. Physical property results are shown on Table 3 


(Sample Type TP); and the Supplement to Table 3, page A-46 in the appendix. 


Because ee: the concern over seepage in the right abutment, a series of test pits 
were excavated along the right toe drain of the dam in 1984. Four samples were 
collected in one test pit located at drain station 9+70 (0+00 at the drain 
outlet near the river channel). The samples included material from the (a) 

Zone 2 embankment, (b) sand filter around the toe drain, (c) gravel surrounding 
the toe Deedee filter, and (d) alluvial fan deposits beneath the drain. 
Gradations were performed on these samples by commercial laboratories and these 
are listed on Table 3 (Sample Type TP); and the Supplement to Table 3, pages 


A-47 through -50 in the appendix. 
CONCLUSIONS 


In summary, 26 porous tube piezometers (2 destroyed), 3 slotted pipes (1 
destroyed), and 15 temporary observation wells were installed at 

Clark Canyon Dam during 1984 and 1985. In the permanent monitoring system, 
7 porous tube piezometers and 1 slotted pipe were placed in the Madison 
Limestone; 7 porous tube piezometers were set in the Beaverhead 

Conglomerate (?); 1 slotted pipe and 1 porous tube piezometers were 
installed in alluvial deposits; 4 porous tube piezometers and 1 slotted 

pipe were installed in Zone 1 embankment. The 2 porous tube piezometers 


(Madison Limestone and Beaverhead Conglomerate) in DH 84-1 were unusable 
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after a mud slide severed the upper part of piezometer stand pipes. A 
slotted pipe placed in alluvial fan deposits in PR 84-13 was also destroyed 
when the drains were being installed in the right abutment seep area during 
late 1984. All of the 15 temporary observation wells which consisted of 
open ended casing bottomed either in alluvial fan deposits or the 
Beaverhead Conglomerate (?). Six of these wells were destroyed in late 


1984 when the right abutment drains were constructed. 


Detailed information on the monitoring system is described on the geologic 
Bore for Observatron Wells! PR 64-1, —5, —6, -10, -10A, -11, and -13' and 
DH 84-2, -7, and -12 and PR 85-3, -3B, and -9 and DH 85-3A, -4, -8, and 


-11A, and Table 1 for Observation Wells 84-201 through -215. 


In addition, 5 drill holes (DH 114, 122, 134, 140, and 141) were 
rehabilitated to insure that they would remain operable. This involved 
installing 3/4-inch-diameter plastic pipe within each well and placing a 
protective pipe with a locking cap around all well head assemblies. Pipe 
was also extended several feet in DH 140 to prevent water from flowing from 


the well during high reservoir periods. 


Drilling and testing at the site indicated that 2 types of material were 
encountered that might liquefy. This was based on the assumption that 
liquefiable materials contain large amounts of fine sand and/or silt and 
that SPT tests in the deposits must be less than 20 blows per foot. The 
material types having these characteristics include portions of the "old" 
railroad fill in the river flood plain and the alluvial fan deposits in the 


right abutment. 
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The railroad fill (penetrated by PR 84-11) is linear in shape, probably 
composed of various matertate;~and weetd-msxt-anmderiie the dam over large 


areas. 


The alluvial fan consists of clay, silt, sand, and some gravel and grades both 
Pertieally and horizontally into different types of materials. The deposit is 
extensive and does underlie much of the right dam abutment. Standard 
penetration resistance tests (SPT) conducted in this material indicate that the 
area above where the seep occurred did have SPT test below 20 blows per foot 
(PR 84-1 and 85-3); however, similar materials beneath the dam had SPT blows 
exceeding 20 Eitees per foot (PR 84-5 and -6, and 85-4 and -8). Two possible 
explanations for this is that (a) the weight of the dam stabilizes and compacts 
the deposit, and (b) the clay, silt, and sand particles may approach a "quick" 
condition downstream of the dam in the seep area with the particles actually 
being floated by hydraulic pressure. If this is true, then drainage of the seep 


area should help stabilize the condition. 


Although low blow counts were not encountered in the river alluvium, zones in 
these deposits may have a potential to liquefy. These zones should be 
lenticular or were deposited in discontinuous channels and will not underlie the 


dam over large areas. 
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ATOWBSGA 


T-LAAA (M971) 
Bureau of Reclamation 


Fealure Clark Canyon Dain — 


Hole No, PR-84-1 
Depth and Eley. 


Sheet 1 
SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 
Project East Bench Unit = = =. State Montana __ ' 
rs i a i. top of Pipe 
ee Cont nalesiNs ae255.050). 3) KW.  13,801.8 — Ground Elevation Ss (0)3}oule 5504.4! 
A 
—__ Location Approx. 200' Rt. of Dam Sta. 17+00 _ Tolal Depih_ 49.2" 


of Water Level* See Notes _ 


“Dale Measured S©& Notes pate Begun_28-84 = Finished 919784 __Loppew by__Parish Approved by ei 
: © = PENETRATION RESISTANCE =| a ocemal 
NOTES > nil S) Blows per Fool 
Gee vere erant SI iiiaes a EO | Weight of Hommer 140 __ Ib. CLASSIFICATION AND 
saieeratons iGaving ets = en Height of Drop = —___30 in. DESCRIPTION OF MATERIAL 
and other information - 3 ie 20 30 40. 50 


DRILL 


Failing 1500 true 
mounted, 


DRILLER 


tl, Lockhart 


METHOD 


0 to 30,9' took 2" 


diameter drive 
samples with SPT 


tests at 5' inter- 


vals. Drove 4" 
casing as needed 
prevent caving. 
Reaned hole. 
Drilled 30.9 to 
33.7' with Hw cor 
barrel and diamon 
bit. Drilled 33. 
to 49.2' using 
3-3/4" ‘rock bit. 
Water used as dri 
fluid. 


CASING RECORD 
Drove 4" casing & 
prevent caving. 
Depth Date 
0-5.0! 5-8-84 
50-2335"  5-9-84 
23,3-30,7' 5-10-8 
Pulled casing on 
5=15=84, 


PROGRESS RECORD 
Depth Date 

0-5.0! 5-8-84 
5.0-23.3' 5-9-84 
23.3-30-7' 5-10-8 
30.7-41.0' 5-14-8 
41.0-49.2 5-15-8 


PLEZOMBTERS 
Set lower porous 
tube piezometer ( 
~ from 46 to 44'. 
Sandpacked hole 
from 49,2 to 40'. 
Filled hole with 
bentonite balls 
40 to 31'. Set 
upper porous tube 
piezometer (3) 
From 26 to 24!,' 
Sandpacked hole 
from '31i to 21i5'. 
Filled hole with. 
bentotltite balls 


BLOWS /FOOT 


CLASSIFICATION 
AND DESCRIPTION 


PENETRATION 
RESISTANCE 


TEATURE Clark C€ 


k-F 
O* 
Lis 
10** 
12 
tq- 
35 
e 39 
dui 


Tae 


1 


SE 


4 


SPT bafrel, tods 
nd hajmer sfink 
2.5' From thhir 
h wn weight 
AX (4.9 th 7.4! 

we Drille; reported 
: ery soft zohe 
L4.5 th 18.0]. 


EXPLANATION 


0 10 20 


Record number of blows required for one foot of penetration. 
If 50 biows result in less that one foot of penetration, record depth 
penetrated; thus, 50/.4 jndieates 0.4 foot penetiated with 50 blows, 


extiapolated as 125 blows,foot 


Describe soil type, with emphasis en inplace condition. Unelude 
Unilied Soil Classification symbol. MXAMPLI6) POORLY GRADED 
SAND. 95% predomimantly mediin sand, 5° nouplashe fines, 
toux size 14 ine, firm, moist, gtay, uncemented (SP) 

Plot, as shown at right. Actual values @, extrapolated values at 50, 
open circle with extrapolated value 1250 


anyou Dam PROJECT 


Bast Bench Unit _ STATE__Moutana 


| 
| 


ae HOLE NO, PR-84-1 


ALLUVIUM ? - HOLOCENE (fen deposit 
0.0-9.0' SANDY SILT: Approx. 60% 
nonplastic fines; ‘approx. 40” very 
fine sand; brown © too25"s! tan 

2:5 60.9.0" ‘matst to saturated; 

crumbly t&6 wuaddy; 6trong HCI 
reaottons. (ML) 


9.0-14,5' SILVY SAND WITH GRAVEL: 
Approx. 50% fine to coarse, sub- 
angular to subrounded, hard sand: 
approx. 30% fine to coarse, sub- 
angular to subrounded, hard gravel 
to 1-1/2" diameter; approx. 20% 
nonplastic Fines; tan; saturated; 
erumbly to loose; strong tCl 
reaction. (SM) 


14.5-18.0' SAND: Approx. 95% very 
5% nonplastic 
fines; tan; saturated; loose to 


runny; strong HCl reaction. (SP) 


Fine sand, approx. 


CONGLOMERATE ? (BEAVERHEAD 
RMAT LON UPPER CRETACEOUS AND 


LOWER TERTTARY 


18. 0-30.9’ SAND AND GRAVE 
Alternating lenses of sane 


Y_SAND: 
and 
gravelly sand; poor recovery in | 
unit, but 1t appears to be mostly 

3 to 4' thick beds of pravelly 
sand with 1 to 2’ thick beds of 
fine sand, The gravelly sand is 
approx. 55% fine to coarse, sub- 
angular to subrounded, hard sand; 
approx. 40% subangular to subroundpd, 
hard, fine to coarse gravel; 
approx, 5% nonplastic fines; and 
probably a few cobbles. (SP) 

The sand is approx. 95% very fine 
sand with approx. 54 nonplastic 
Fines. (SP) The unit is tan with 
some rusty brown in the bottom 
foot; uncemented; loose; saturated 


weak to moderate HCl reaction. 


SISSIPPIAN 


Core only 


Unit is 
light gray; hard; oxidized; core 
badly broken by mostly heavily 
oxidized bedding planes dipping 
approx. 30°, and numerous 
irregularly dipping (mostly high 
augle), white, calcite filled 
joints; core lengths range up to 


| | 
| | ies 


Sheet 1 of o GFO B3A-9n2 
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SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


Clark Canyon Dam 


Fea tlie ue teeeecueenie Uee ee es Project © Bast Bench Unit 


BeStatee _ Montana 


Top of Pipe 


Depth and Eley, 7 ; ; . z 9 
of Giater Level? See Notes Location _APProx. 200" Re. of Dam Sta. 17400 _ qotal Depth — AOn2) 
prey ; 4 Sb 97, rae 
“Date Measured S82 Notes ate Begun_2~ 8-84 Finished > 29784 hopped ny PAtts! approved by —__ 


PENETRATION RESISTANCE f 

Blows per Fool 

Weight of Hommer__ 140 jp, CLASSIFICATION AND 
Heightof Drops, 2 eC MTT in. DESCRIPTION OF MATERIAL 


NOTES 
Waler losses, type and size 
of hole, drilling method 
and conditians, Caving 
and other information 


ey 
o/ 


CORE 
|RECOVERY-% 
BLOW. 
FOOT 
WATER 
CONTENT-% 
M 


SO Oe ao 


{ 
| 
i 
| 
i 
| 
1 


from 21,5 to 10’. STE 
Set 4" steel i | 
protective pipe to 

2' leaving 2' stick- 
up. Grouted with 
sand/cement grout 
from LO' to near 

top of 1/2" PYC 
piezometer pipes. Je 
Lower pipe (A) is fi 
approx. L" shorter 
than upper pipe (B). 


SAN CEMENT 
( 


BENTONTITE 


WATER LEVELS 


Lower (A) 


Depth 


(B) 44.0-24.0' 


SAND | 
CONGLOMERATE 


LIMES TONK 
| 

Upper (b) | BENTONT TE 
ld ne if 

Depth 


a 1 
oars. |S Sees 5) ee ZK 40.0 
“014 SAND 


| 
(A) 44.0-4G.0' 


ane 4 | 1] 
449.2 | 


Hole No, PR-84-2 Coordinates N._252650-3 = XKW. —13,801.8 Ground Elevation 2293-1’ 5504.4" 


0 10 20 30 
EXPLANATION 10 20 30 40 

BLOWS ‘FOOT Record number of blows required for one foot of penetration. Sar 5 + ae 

If 50 blows tesult in less than one foot of penetration, record depth 

penetrated; thus, 507.4 indicates 0,4 foot penetrated with 50 blows, 5 C) 

extrapolated as 125 blows/foot inp 
CLASSIFICATION Describe soil type, with emphasis ou inplace condition, Include Bie cain ® 
AND DESCRIPTION Unified Soil Classification symbol. BXAMPLE: POORLY GRADED oanred 

SAND, 95% predominantly medium sand, 5% nonplastie fines. ya), 125) 

wax size 1/4 inch, Linm, moist, gray, uncemented (SP) 2 owe o F 
PENETRATION Plot, as shown al viet. Actual values @, extrapolated values at 50, ap 
RESISTANCE open circle with extiapolated valne 1259 as 
FEATURE Clark Canyon Dan PROJECT Rast Bench Unit meat STATE_Montana HOLE NO. PR- 84-1 

: Sheet Z of Z CERT Ae 
¥ 


" 


He) Wea eee 


iy Wh 


wit ot ae sienith ii j 
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7-1397 (9-69) 
Bureau of Reclamation 


GPO @04-401 


GEOLOGIC LOG OF DRILL HOLE 


reature.. Lark Canyon Dam provect, . Last Bench Unit state, Montana 
Uys Sta, 19+ SUMMA Ton aera nls PA ae se SAN Batic rss atiees se Sao tela ta 
DH 84-2 LOCATION... approx.. BY, Y/y, pla:, : TUU, 5579.85 Vertical 
HOLE NO. PH ee. COORDS. W.. 25.6071... BX W.. 14,095.GROUND ELev, .. 7° Og a 3 DIP (ANGLE FROMHORIZ.).... 0010s vee e eae 
faa Qeig= TOTAL : 
BEGUN. 2.984... rinisHen. . 210-84 |. pepTH oF OVERBURDEN............- BERETA ioe Hee FUBE AR INGE suv oh Sic octave sesslouctznart Geel nsdun vs 
| DEPTH AND ELEY. OF WATER See Notes Dewees 
LEVEL AND DATE MEASURED........ 4+. OS Uae anhe foie HOGGERTBN Naa ces cre ree oi tenn eon WOGIREMIEWEDIBYE eemcioeeic iam as: anterieras 
5 PERCOLATION TESTS ze ~ 
NOTES ON WATER wa a i Os ear i) wo 
‘ EVELS, o 2 = z 
gaa Meanie [Ane be | Bee [ee | are | BE | es [ae syanunicay a 
EAMG ane ost, Vorlons | 3 | a es Pippen 
(P,Ce,| TO a ele: EES 
(RY de atca! (G.P.m.) | (P.S.A.) | (AIM) P 
cs a MANIOLL, Cl ie 
DRLLL 7) Ob Wart te HID NOTE: Material logged from rockbit 
Portadrill y 3.0 cuttings and the trimmings of occasional 
f SAND JDRATI 5" thinwall push tubes. 
DRILLER : 7.0 
Larry Thomas e EMBANKMENT ? 
ae 0.0-0 3' Asphalt: Black; crumbly. 
METHOD ‘b 0.3=22.0' Gravel: Approx. 55% fine to 
Drilled 0 to 120.6' ‘A: : coarse, hard, subangular to subrounded 
using 7-7/8" rock- ACK gravel; approx. 35% fine to coarse 
bit with air and aan a sand; approx. 10% nonplastic fines; 
foam to remove b 4A moist; brown, (GP-GM) 
cuttings. Drove On| a 22.0-99.1" Silty to Clayey Sand and 
8" 1.0. Casing and SAA 08 ra (Note ~ The basal part of 
Agcied nade A a this unit may contain Foundation 
casing except in a. 4 material. No definite embankment/ 
bedrock. Drilled a eee\ foundation contact could be determined) 
"open hole" after A en Material is quite variable. Approx. 
driving casing into a: 55% fine to coarse, hard subangular 
top of bedrock. vay AA to subrounded gravel with approx. 25% 
Took 5" thinwall ae Fi ut ae fine policpanse sand and 20% low a 
push tube samples ee ONCE TE plasticity to nonplastic fines (GC) 
at selected a a) and (GM) -- varying to approx. 55% 
intervals. Set A Line to coarse, hard sand with 25 
porous tube piezo- AY, fine to coarse, hard, subangular to 
meters in selected ras Nas subrounded gravel and 20% low plastic- 
zones. BAS { ity to nonplastic Fines (SC) and (SM). 
ray Ae é Ihe unit also contains a few cobbles 
CaSLNG RECORD WN 7 which momentarily stopped the driving 
Used 8" 4 4 of casing. The material appeared 
to prevent caving aes moist; compact; and usually brown in 
and help alleviate oe TAN color. Occasional thin zones of dark 
fracturing within An A gray, slightly organic material 
the embankment. A. suggested that the borrow sources were 
Pulled casing on ee not cleanly stripped before use. 
completion of the CAS 
hole. A ar} 61.0 CONGLOMERATE? (BEAVERHEAD FORMATION )— 
DEPTH DATE ZA BENTANITE | UPPER CRETACEOUS AND 
0-90.6' —-9=0-84 iy 67 A | 99.1-105.6" Gravel: 
90.6-108.0'#9-7-84 VY ZZA 66.0! oy fine to coarse, hard, subangular to 
ocr} sa SAND OY 4 subrounded gravel; approx. 20% Fine to 
PROGRESS RECORD The 74 (Cc) G9.0- Ge coarse, hard sand; approx. 5% non- 
Depth 5 E ly plastic fines; saturated; loose; 
U-90.6' ; ‘ ie Gays ON laf brown. (GP) 
90.6-120.6' 9-7-84 ie, oY 2 
Driller sick 9-8-84 ¥ Gar MADISON GROUP - MLSSISSIPPIAN 
Set Piezo- Cr 105.6-120.6' Limestone: sroken and 
meters 9-9-84 BENTONITE LY, heavi ly oxidized (red) to about OBR Ores 
Set Piezo- Ey) grading to fresh, hard, medium gray 
meters 9-10-84 " Oo rock at depth. The driller estimated 
TS Y és that the unit was producing approx. 
PLEZOMETERS Ve Aes t 10 gpm of water while blowing the hole 
Set piezometer (A) ‘Z| 88.0! Y fe clean at 120.6'. 
eed 2 3 Sand— ; “1 (8) &9.0-41.0! Le 
packed hole From is) 100 : a SAND Oy Woy ra 
i2U on cCOslLilsat; rae Ose oY A | 
Filled hole with 10} «| WA Ay, 
bentonite | s hy Lo} 
oa. Set /) 5480.7] 99.11%, 
a 4 to! 


Ty 


” 


aofhole... 
vole sealed ...-. 
Approx. size of hole 
Appron. size of core (X-serion) - 
Ournida dia, of caning (X-seri 
Inalde dio. of casing (K-weriax). . Ex 2 1-1/2", 


EXPLANATION 


. .D = Diamond, H = Hoyatellive, 5 © Shot, C = Churn 


2. Po Packer, Cm = Comanted, Ca = Bottom of casing 


(X-werlea) » oe Ex me 3-1/ 


Ex m 7/B' 
ries). Ex = 1-13 


Naw 3" 
Nx — 2-1/8" 
Nx m 3-1/2"' 
Nx = 3" 


Bx m 2-3/8", 
Bx = 1-5/8", 
Bx = 2-7/8", 
Bx = 2-7/0", 


Q Axie 1-7/8", 
' Ax = 1-1/8", 
Fie", Ax = 2-1/4", 
Ax = 1-29/32", 


... PRogect. Last Bench, 


Du 


Lor. 3.. HOLE No... PIL | Ee pees 
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7-1997 (9-69) 
Bweeu of Reclamation 


reatune., Clark, Canyon Dam 


=) SLOCATIONE SS) oo: Rinehart ee Wartnlice 
Hove wo. , Dil, 84-2, Badin) 9 25; 607-1) GC W. | 14) 095GROUND ELEY. .5970-85......, DIP (ANGLE FROM HoRiz.)...°CE Cal 
Sein ee OS. APN 9-10-84 : TOTAL 150,6! 
pene PIRINISHED Saas CDEPTM OF OVERBURDEN a.) ss oc4-+ DEPTH..22090!.. BEARING». <0. 02: 0000+ cenmevsssevcs 
DEPTH AND ELEY. OF WATER Ae Eat 
LEVEL AND DATE MEASURED... 2€e, Notes, TOGGEDIEN eS ees EOGAREMIEWEDIBY/gousoiciacsatvoeacususuatevens esis 


NOTES OM WATER 
LOSSES AND LEVELS, 
CASING, CEMENTING, 
CAVING, AND OTHER 
DRILLING CONDITIONS 


Set piezometer (B) 
ae 970": Sand 
packed hole froin 
Dene. Go 8o..0". 
Filled hole with 
bentonite balis 
from 80.0" to 73,2" 
Set piezometer (C) 
ae ve 0". 9 Sand 
packed hole from 
fae. ‘to 66.0" & 
Filled hole with 
bentonite balls 
from 66.0" to 61.0 
Filled hole with 
eoucrete from 61.0 
Eo. prs Sek 
Sleeves around 


drain 


piezometer pipes. 
Filled hole with 
sand from 7.0 to 
3,0'. Filled hole 
with conerete from 
3.0 to surface and 
set manhole cover 
over plezometer 
pipes. 


SANPLING 
Because of the 


coarseness of 
material only one 
thinwall sample 
was collected. It 
was completed from 
COMO NEON 920) 
Attempts were made 
to push tubes at 


PPOs Bb 


sand) 9OR6"< 
Where sufficient 
materlal was 
retained in the 
push tubes, 
samples were col- 


. 


“Gravel from 
Oe luicoy LO Si Gti. 
Limestone below 
108.0'+. ‘op 
seemed dry, but 
driller esti- 
mated LO gpm. 


“jit iee E R Rea 
sealed ..... 
cil siza of hole (x er i 
Approx. size of cor (X-aerler) « = 7/a"' 
Outalde dio, of casing (X prints)’: 34 = i ie t6", Ax = 2-1/4", 


GEOLOGIC LOG OF DRILL HOLE HE Eon eeu OR ne 


Poets DGG (Unies yey cen od suettyoee.s. 2 SUP Nitsy OMMEANEL aed aucaoce 


GPO 004-401 


ta] PERCOLATION TESTS x 
ww Laer aa uw 
Qt > DEPTH &% as 
20 (FEET) —} utp CLASSIFICATION AND 
ay FA at 9 PHYSICAL CONDITION 
esas LOSS Mt ow 
= [pre] 10 ; * 
Mare (GPM) | (P81) [ONE io 
j Evaluations of top of piezometer 
BENTONITE 5474. tet PSIG 
Xp aysypf[Boss 
Bega) 
C: 5579.6 
Jot SAND) 
1. (A) {115.P-117.2} 
L20.6' 


70 


60 


70- 


EXPLANATION 


. 0 = Diamond, H » Haystallite, 5 = Shot, © = Churn 

«P = Packer, Cm = Cemented, Cs = Bottom of casing 

gaia 1-1/2", Ax = 1-7/8", Bx = 2-3/8"', Nx = 3" 

An = 1-1/8", Ox 1-5/0", Nx — 2-1/8" 
Be = 2-7/8", Nx = 3-1/2" 


Inside din, of casing (X-seriea). . Ex = 1-1/2", Ax = 1-29/32", Bu = 2-3/0", Nx = 3" 
- Clark c . 
FEATURE... =< San y ON Dam eecve eves» PROJECT. Hast, Bench... srare. Montana. syeer.2..0f.3.. HOLE NO. .DI.8472...... 
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7-1937 (9-69) 


Bureeu of Reclamation @Po #n4-aoy GEOLOGIC LOG OF DRILL HOLE 


Feature. .clark Canyon Dam lg OR Gee ot de Akela ya 
DH 84-2 LOCATION.ARNEAx. .8' U/S Sta. .19400.. 579.85 artic 

HOLE NO. wht tess Coonns 25,5071... HW. 14,095. 5 GROUND ELey. ..22/7;8)....., DIP (ANGLE FRom Horiz.)..Yertical 
Re BUN TOTALS aie : 

BEGUN. .2-6784... FinisHeD. 2-10-84... DEPTH OF OVERBURDEN............-. DERI L20! Oe ME ARING) is viet ss oh esim ede loans 


DEPTH AMD ELEY. OF WATER = ie 
LEVEL AND DATE MEASURED... 322, Notes,.............. OG CED rie ibis lee ne pee ae a OGIREMIEWED BY <s00%s lone co, eletwcialertiee 


ba ERCOLATION TESTS ae eS 

NOTES ON WATER usta Saal PEE v fe 

1,055E5 AND LEVELS, «> DEPTH oe ref WOW Ste |e 
CASING, CEMENTING, RG (FEET) 2 Sa fare as ju CLASSIFICATION AND 
CAVING, AND OTHER nt} Loss ul zr «xj aa PHYSICAL CONDITION 

DRILLING CONDITIONS 06 & cha He he 

(%) (G.P.M.) | (P.5.1.) | (MIN.) a 


| 


blown from hole 
ae 22006". 


WATER LEVELS _ 


One water level 
was taken before 


19- 


the hole was 
completed and the 
piezometers 
installed: 

Depth Date 


40-| 


50- 


60-4 


80+ 


EXPLAMATION 


Type of hole... eee ee eee ee Dm Diamond, Hom Hoyarallite, 5 = Shot, C w Churn 

Hola swoled 6.0.6. ee eee ee Pom Packer, Cm = Camanted, Ce = Bottom of coring 

Approm. sixe of hole (X-neries).. Ex = 1-1/2", Ax = 1-7/8", Bx = 2-3/6"', Mx = 3’' 
Approx. nize of corsa (X-serien) Ex = 7/A"' An = 1-1/8", Bx = 1-5/8") Nx — 2-1/0" 
Outsidn dia. of casin measles). Exe= 1.13/16", Ax = 2-1/4", Bx = 2-7/8", Nx = 3-1/2" 
Inside dia. of engl -series).. Ex = 1-1/2", Ax = 1-29/32"', Bx = 2-3/6", Maw 3" 


FEATURE.... Ghank Canyon Dam..............progect.48¢ Bench... srare MOntaNa | gucey 3 or 3. HOLE NO. DI 84-2 ...... 


| Shwe 


Nene es eae 11S ee 
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SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


Feature _ Clark Canyon Dam eee ee POPOL East Bench Unit ae eee Siaipy = Molbanae 
Hole No, PR-85-3 Coordinates N. 29,651.44 = ss KW. 3,781.9 Ground Elevation 5510.2 (see * sheet 2 of2) 
ued _See notes _Loration_approx. 220’ D/S Sta. 17+00 ae Fie (apy AS) OE 
*Date Measured See notes — Date Begun _ 9715-85 Finished 5-19-85 _ Logped hy __F. Caleagno Approved by ——_____ 
ae o PENETRATION RESISTANCE 
NOTES SEB ce eT lone Blows per Foot 
Malet sss, ine ant 88 wit 5 tg 2 Fo Weight of Hammer 140 ___ Ib. CLASSIFICATION AND 
an mandtianee Caving 89 ae Se ae ms Height of Drop ee Rin DESCRIPTION OF MATERIAL 
and olher information mz Bog aie BAY [Onn 20 Ci ba7file WEL eee oem ne eee 
DRiLL RiG 100 FILL 
80 18 4.7 - @ 
Failing 1500 truck- Lop i QEO=9n5i SANDY _GRAVEL : approx. 
mounted. 3 150/.7 Ll freee ni 60% fine to coarse hard, sub- 
40 oF eke 63} rounded to snseeaniler gravel; 
DRILLER 60-|--98- Wie Lolh- ==) | approx. 35% fine to coarse, hard 
aly. sand; approx. 5% nonplastie fines. 
J. McLaughlin seer he brown to tan; dry; 
Wad 02 crumbly; moderate to strong HCl 
METHOD reaction. (GP) 
e 
Took Bx drive ALLUVIUN-HOLOCENE (Fan deposit) 
samples From 0 to 
35.8" with PR's at 9.5=10.8' SANDY SILT: approx. 60% 
approx. 2.5' inter- = nonplastic fines; approx. 4Ok 
vals from 2.5 to Ce) fine sand. Brown; moist; soft; 
2750) Used 2-15/165 moderate to strong HCL reaction. 
inch reck bit from (ML) 
30.0 to 31.0 and 
Sorat wey Shere 10.8-20.8' SILTY SAND WITH GRAVEL: 
Drillea From 39.1 approx. 50% fine “to coarse, hard 
to 48.G' using Nx | sand; approx. 35% fine to coarse, 
diamond core bit. subangular to subrounded, hard 
gravel; approx. 154 nonplastiec 
CASING RECORD | | fines. Brown to tan; moist; 
anaes a loose; moderate HCl reaction (SM) 
Drove 4" casing to ae 
prevent caving and J | 20.8-25.8' SILTY SAND: approx. 
water loss. 48.0 85% fine to medium sand; aprox. 
Depth Date te(! 000) — 50 | 15% nonplastic fines; tan; moist; 
WG) 5-16. | loose; moderate to strong HCl 
O=3005 Lyle | |reaction. (SM) 
O=37..0 5-18 
pulied 5-19 CONGLONERATE(7) (Bk AVERIEAD 
FORMATION) - UPPER CRETACEOUS AND 
PROGRESS RECORD === = 60 - == — = —~——~| LOWER | TERILARY 
Depth = Date('85) | 
set-up Saal | 25.8-38.2' SILTY SAND WITH GRAVEL: 
Wags} 5-16 approx. 50% fine to coarse, hard 
ZANE hos sige ety) sand; approx. 40% fine to coarse, 
S29 44.15, 5= 15 F jhard, subangular gravel; approx. 
44.5-48.0 5-19 c —--——|---—— -}--—— 70- - -— - = = 10% nonplastic fines. Locally 
hole compl. 5-19 1 variable with greater percentage 
1(60 to 70%) of sand in lenses. 
DRILLER'S COMMENTS: Tan to orange; weakly cemented; 
|strong NCL reaction. (SP-SM to SP) 
No recovery from 


17.3 to 18.8' due to— 
small gravels in b 
barrel; didn't have | 
checkball in and E 
sample washed out. 
Limestone core E 
samples kept blockinje—~- 
off. Had 100% water}. 
loss in broken 
limestone from 44.5 
fo 45.9". 


Sel Gacy = -——|MADISON GROUP - MISSISSIPPIAN 


|38.2-48.0' LIMESTONE: Light gray; 
hard (1-3); oxidized; badly 
|broken along approx. 30° bedding 
planes, with numerous, irregular 
a re Po 90 — -—-- ———~-|-— : a=5 white calcite-filled joints; core 


jlengths less than 0.5' in length. 


0 10 20 30 
EXPLANATION A an 
BLOWS/FOO'T Record number of blows required for one foot of penetration. 
If 50 blews result in less than ove foot of penetration, record deprh 
penetrated; thus, 50/,4 indicates 0.4 foot penetrated with 50 blows, 
: extrapolated as 125 blows/loot 
CLASSIFICA TION Describe soil type, with emphasis on inplace condition, Inelude 
AND DESCRIPTION Unified Soil Classification symbol, EXAMPLIE: POORLY GRADED 
SAND, 95% predominantly medium sand, 5% nonplastie (ines. 125° 
max size 1/4 ineh, lin, moist, play, uncemented (SP) 
PENETRATION Plot, as shown at right. Actual values @, extrapolated valnes at 50, 
RESISTANCE open eircle with extrapolated value 1250 
FEATURE Clark Ganyon Dam PROJECT__East Bench Unit STATE_NI _ HOLE NO, PR-85-3 = 
GPO 038-902 
mL] 
Me \ 


T-1994 (9-71) : ss 
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SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


Redliet es Clark. CanyonsDam. uses. > Pigject ee baste Bench Unit State = Montana’ 

Hole No, PR-85~3 Coordinates N. 25,651.46 XK WW. 13,781.9 Ground Elevation _5510.2% 

Detlater Level yp See-notes = {location @bprox. 220' D/S Sta. 17+00 =Total Depth__48.0' = 

Date Measired "= TOtSE Th" Date Begun 29799 Finishad__°-19-85 | opged by_F- Caleagno _ Approved by __ 


PENETRATION RESISTANCE 


Blows per Fool 


NOTES 


oO 
Walter losses, type and size OL on ; 140 on 
of hole, diitling method Jars | SS aS vate SRI ee Ss cele CLASSIFICA TON AND 
and conditions, Caving ro) ate o eight of Drop = —__=4______in. DESCRIPTION OF MATERIAL 


RECGVERY-% 


and other information 


SAMPLES 
{FOR TESTING 


(tg Si elf) 0) 50 


PLEZONETERS e [é | i 5 
ee, yi & M * Piezometer pipes were extended 
‘| be 2 | above this elevation after 
Set lower porous |4 v Fi drilling in order to overcome 
eee ieee oe + possible future high water 
yon 44, o 46. ; eaada : 
ce if artesian head. 
Baudpack from nose : Piezometer A pipe was extended 
EO 48.0 : Filled 4 4.2 feet above original ground 
aaeeee ee rentontte iS b Grout {4 (top of pipe at elevation 5514.4) 
40.0! ca : b | and piezometer B pipe was 
te og ry extended 4.3 feet above original 
porous tube piezo-~ 0 ground (top of pipe at 
hes meee recta Bs? ; {5 elevation 5514.4). Consequently, 
) 2 eer Ge 3h final piezometer "depths" are 
sand Band pack from 5 Ni Bentonite 3663 wee 51.1 feet ts ne 
penpen be 7B Hi | for piezometers B and A. 
bentonite balls pu apeecquecer 2 ei 
from 23.0 to 28,1" v1 Eipee | eee i Silica Sand 
and grouted out hole (B1 ‘ 
serotoyul (9) Tetey) VASVRU VER a : 
Used 3/4" PVC on ih Bentionite 
piezometers. Set lia 
protective steel —— JOSE SS) “a wf 
pipe 3.0' in ground | ‘: we 
with a 7.0' stickup. | Silica Sand 
WATER LEVELS [ plezomter 4 L 
During Drilling: ene peta j et 
Depth Date ('65) }— (81, 6463.3 50 — 
dry 5-16 i i 
8.0 Spy) i | 
8.1 5-18 - = 
et) 5-19 [ | 
PIEZOMEWER A ——~ |---|} 60- soca [os ; 
f | ; rn j 
a : | 
6-17-85 4 4 
PAU lat} 
7-30-85 ’ 
= = = 70- } 
PIEZOMETER B | 
Depth p 5 7 
12.0 B | 
ite i i ; 
Tea: [a | —-——-|-—-—| BQ -—-t | : 
| 4 
a ee oS si. 90 - = 
i 
CE ee 
0 10 20 30 40 50 
EXPLANATION egg h ew 
BLOWS/“FOOT Record number of blows required for one foot of penetration. ac ® 
if 50 blows result in less than one foot of penetration, tecord depth (ait okt Aid 
penetrated; thus, 50/.4 indicates 0.4 foot penetrated with 50 blows, einai @ 
extrapolated as 125 blows/foot oe 
CLASSIFICATION Desctibe soil type, with emphasis ou inplace condition. Include Rieter co) 
AND DESCRIPTION Unilied Soil Classification symbol. EXAMPLE: POORLY GRADED aE 
SAND. 95% predominantly medium sand, 5% nonplastie fines. Home 
wax size 1/4 inch, firm, moist, pray, uacemented (SP) 2 GWa. 
PENETRATION Plot, as shown at tight. Actual values @, extrapolated values at 50, Bey 
RESISTANCE open circle with extrapolated valne 1250 Ae 
FEATURE__Clark Canyon Dam PROJECT __East Bench Unit STATE MT eee HOLE NO: PRog5=3 = 
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71337 (9-69) 


Burenv of Raclemation BPO on4-404 GEOLOGIC LOG OF DRILL HOLE 


REATURE..0 AC LERICANY OND aM, ioe secs ag eeieree proyect..2as¢ Bench Unit ee ee ee eee STATE. «. Moneana ok 
LOCATION .APPEOX., Pg BUS Stan 400, E ° 
HOLE Wo, . DH .895 “coon. W. 251646.3..., XK WM. 13,783, GROUND ELEV. 790778 ........ DIP (ANGLE FROM HORIZ.)..29............. 
eee ae TOTAL 5 cath 
BEGUN 2720785... FinsHeD. . .2729"85... pepTH oF Sees Soe <A DEP AE oe wircvay HEARING ser, Ge eee eter, Rotheanle desu ss 
DEPTH AND ELEY. OF WATER Fi 
LEVEL AND DATE MEASURED.....58¢ .octes below, ..... togcen ay. 2. Galcagno Jre ls, OG REVIEWED BY: Qube hoch ones 


is PERCOLATION TESTS eee Nl ee 
NOTES ON WATER ww aa] | ee fo 
LOSSES AND LEVELS, a > DEPTH & rey MOu | wl Tr 
CASING, CEMENTING, 8a (FEET) a jew farS | oO Jag 
CAVING, AND OTHER iy = Loss we <a 
DRILLING CONDITIONS a FROM jo io 
AF, En} | FO 1¢6.p.m.) | (P81) | MIN) 


DRILL RIG 


5503.0 


Failing 1500 
truck-mounted. 


5499.5 
DRILLER 

5495.7 
J. NeLaughlin 

549} 
METHOD ae 
Bx drive sample 5487.4 


from 0 to 4.8'. 
Piston-type 
Butter's Samples 
from 5.3 to 6.8 
and 6,80 to 8.3', 
Attempted Butter 
Samples from 22.0 
tor2snd, but lost 
sample due to 
rock. Used 
2-15/16 rock bit 
from 4.8 to 5.3) 
Sve to 22:0, and 
Zale Eo) 27.10). 


5484.3 


5480.8 


CASING RECORD 


Drove 4" casing 
to prevent caving] 
and water loss. 
Depth Date('85) | 
C~4.5 5-20 
U-2U.5 Dib 
pulled 5-29 


PROGRESS RECORD 


setup ze =20— 
0-4.6 5-20 
4.U-20.4 a= 2 
Away from 5-22to 
site b= 29 
20.4-27.0 Dag 
Hole compl. 5-29 


HOLE COMPLETION 


Pulled casing and 
grouted hole from 
Oto 27/0": 


DRILLER'S COMMENTS 


70- 


Pilot hole 
(DH 85-3) indi- 

cated a soft zone 
From 20.8 to 25.8 


EXPLANATION 


Type of holo... 6.52 eee ee + + D @ Diamond, M = Hoystelilte, sit » Shot, C = Churn 

Hole sealed 2. -- 660 e see ee Pom Packer, Cm = Cemented, Ce = Bottom of casing 
Approx. rixe of hole (X-sories). Ex = J- 1/2", < =i. 7/8", Bx = 2- 3a", New 3"! ¥ 
Appron. size of core (X-sorles). . Ex = 7/8" = 1-1/8", Bx = 1-5/8", Nx ~ 2- 1/8" 
Quielde dia. of eqainy {% -sarios). Ex = 1- Pe", ax = 2-1/4", Bx = 2- 7/0", Nam 3.1/2 
Inside div. of casing (X-series). » Ex = 1-1/2", Ax = 1- 29/32", Bx = 2-3/8", Hx = J 


SAMPLES FOR 
TESTING 


yn Dam Pees, as) e PROJECTS Hees, Bench; Unitsrare,.. ME. . 


CLASSIFICATION AND 
PHYSICAL CONDITION 


BILL 


0.0-4.8' SILTY SAND WITH GRAVEL: 


approx. 45% fine to coz se, hard sand; 


approx. 30% fine to coarse, hard, sub- 
angular to subrounded gravel; approx. 
25% nonplastic fines; tan; moist to 
dry; moderate to strong HC] reaction. 
(SM) 


ALLUVIUM-HOLOCENE (Fran deposit) 


4,8-8.3' SILTY SAND TO SANDY SILT: 
approx. 5 5% predominently fine to 
medium hard sand; approx. 45% nonplasti 
fines; trace occasional fine gravel; 
light brown; moist; moderate to weak 
HC] reaction. (SM-ML) 


Briss = ay SANDY SILT WITH GRAVEL: 
approx. 50% nonplastic fines; approx. 
25% predominently fine to coarse hard 
sand; approx. 25% fine to coarse, hard 
subrounded gravel; light brown; moist; 
weak to moderate HCl reaction. (ML) 


Us 


16.0' SAND AND GRAVEL: approx. 


ine to coarse, hard sand; approx. 
45% fine to coarse, hard, subrounded 
to subangular gravel; approx. 54 
nonplastic fines; tan; moist; weak 
HCl reaction. (SP-GP) 


16.0-20.4' SILTY SAND: approx. 85% 
predominent ly fine to medium sand; 
approx. 15% nonplastic fines; tan; 
moist; weak HCl reaction. (SM) 


20.4-23.5' SILTY SAND WITH GRAVEL: 
approx. 50% fine to coarse, hard sand; 
approx. 30% fine to coarse, hard, sub- 
angular to subrounded gravel; approx. 
20% nonplastic fines; tan to brown; 


moist; weak HCl reaction. (SM) 


SRATE?- (BEAVERHEAD FORMATION) - 


CREACEOUS AND LOWER TERTIARY 


23.5-27.0' SILTY SAND WITH GRAVEL: 
approx. 50% fine to course, hard sand; 
approx. 40% fine to coarse, hard, 
subangular gravel; approx. 10% non- 
plastic fines. Locally variable with 
greater percentage (60%) of sand in 
lenses. Tan to orange; weakly cemented 
moderate to strong HCl reaction. 

(SP-SM to SP) 
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7-1337 (969) 


Bonwa St Rec tmaton ero tes 401 GEOLOGIC LOG OF DRILL HOLE SHEET Foes OF 2.2. 


FEATURE «..c bank (Canyon Dam ois pid" b/s Ben PROJECT. PRB MeN Gh. UNG, mebeerame fatos's G+ 50063 5 STATE: - MORGEM Se aa ee 
Location 2PPprox:, 210" D/S Sta. 17+00, 5 0 
HOLE NO. .DH 85-34 5 "13,783, 2GROUND ELEY. SEM a Ne Oe ake DIP (ANGLE FROM HORIZ.)....99..........- 


= io Ld i> = 5 
BEGUN. 2 ay 85 .. FINISHED... 2): 85. .. DEPTH OF OVERBURDEN... 22.0... eee DEPTH..<:-. Y aan DSI reads onan ae nooddannonss 


DEPTH AND Saar 


F WATER 
LEVEL AND DA See notes below 


0 aes 
PE ASURED Se eae Fa hee Loccep by. F., GCalcagno, Jr... ... LOGIREVIEWED 8 Vermeer nee 


PERCOLATION TESTS 
NOTES ON WATER ~ 
LOSSES AND LEVELS, DEPTH 
CASING, CEMENTING, (FEET) a ow 
CAVING, AND OTHER oO Loss “i 
DRILLING CONDITIONS FROM ry ae 
Sali 


(G.P.mM.) | (P.5.1.) | OMIM.) 


ws 


CLASSIFICATION AND 
PHYSICAL CONDITION 


R 
H 
ELEVA. 
TION 
(FEET) 
rors 
GRAPHIC 
LOG 
| SAMPLES FOR 
TESTING 


While advancing 


to 20.4', we went 4 { 
through a soft ll 

zone unexpectedly i 

from 16.0 to 20.4' ‘ 4 

when casing pene- : d 10) 

trated zone on its 7 

own. We cleaned 

out hole to 22.0' 

and attempted a | ; { 

Butter Sample, t ' } 


(no recovery). We 

advanced hole to 

27.0 feet to try tq al 
find more soft i | 

zones but found 

only gravelly ; 9 
material. 


WATER LEVELS 


but too mcuh gravel] 20- 
one taken 
} TESTING 


Took two piston- 

type Butters Sample 

from 5.3 to 6.8 and 

6.8 to 8.3. Moistueso-f 50- 
contents in percent 7] 
are: »6.76-6.77': 

22%; 8.23-8.33': 

21.8%, respectively 


70- 


80 


EXPLANATION 


Type of hole... .D = Diamond, H = Hoystallite, $ @ Shot, C = Churn 

Wole aeoled ..- 6 «2 Pom Pocker, Cm = Cemanted, Ca = Bottom of casing ; 
Approm. size of hole \x oe Exe 1-1/2", Ax = 1-7/8"', Bx = 2-3/8’, Nx = J" 
Approx. sine of core (X-» } + Ex m 7/8" Anew )-1/8"', Ox : 

Ouralde dia, of cosing (X-serien). Ex = 1-13/16", Ax = 2-1/4", Bx 

Inside dia. of coating (X-sarias). - Ex = 1-1/2", Ax = 1-29/32", Bx 


FEATURE..... Clark Canyon Dam |... provect 2ast Bench Unitsrate.. .NT...... sneer. 2..0F.2.. HOLE NO, DH B5-3A,..... 
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71994 (P-71) , 
Buronu of Recianintion _Shee few elie 


, SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


Fealtue_____ Clark Canyon Dam __—roject _East Bench Unit i Se I RO a ee 

Hole No, PR- PH 85-38 Coordinates N._252652-6 + 135775-8 Ground Elevation 2° 19-3 

Or pe oaval® _ None taken Location.approx. 200' D/S Sta. 17+00 Total Depth 23-4 

*Date Measured __None taken _ Date Begun 7724-85 Finished 7" 20785_ _ Logged ny ot EO Annioved Dyes 


PENETRATION RESISTANCE 


a ae 2 
NOTES st a lok iS) Blows per Foot 
Water losses, type and size |. | Se | GE ME! E>] Sa Iweich 14 | = ACHE FASE 
of hole, drilling method Joes | SS | ew jaw) or | 2G | leg tof Hommer ___140 _ Ib, CLASSIFICATION AND 
and conditions, Caving S68 me Sz Zo a> oe HeightofDrop ——-—_30_ in, DESCRIPTION OF MATERIAL 
- ud o > 4 
Se celts oe lh ol © Bere © ube eke snags sgh oT a + 
DRILL RIG = FILL 
a sD). + 
a 1 
Failing 1500 truck | 3 | 0.0-4.3' SILTY SAUD WitH GRAVEL 
mounted, OO ipa approx 45% fine to coarse, hard 
7G sand; approx. 30% fine to coarse, 
DRLLLER 3 hard, subangular to subrounded 
ae gravel; approx. 25% nonplastic 
J. MeLaughlin i 2 fines; tan to brown; moist to dry; 
i: 3 o moderate to strong HCl reaction. 
METHOD wash Maximum size: 3-inch (Si) 
See, moe 
3-7/6-inch rock bit [— : ALLUVLUM-HOLOCENE (fan deposit) 
i00| 25 ee EE 
PROM EO Os kis oO = ; @ 
to 16.2; and 16.3 4.3-9,4' SILTY SAND: approx. 60% 
to 18.0'. Piston- | fine to medium, hard sand; approx 
type Butter's 40% nonplastic fines; tan; moist; 
samples from 6.1 to 5 weak to moderate HCL reaction 
CRO Ortamton LOMO ger Maximum size: #30. (Si) 
and 18.0 to 21.9'. 
Penetration 9.4-14.6' SILTY SAUD WLTU GRAVEL: 
resistance test i | approx. 40% fine to coarse, 
from 21.9 to 23.4'. | hard sand; approx. 35% fine to 
coarse, hard, subangular to sub- 
CASLNG RECORD rounded gravel; approx. 254 non- 
on Hi plastic fines; tan; moist. 
Drove 4*in. casing Maximum size: 3-inch. (SM) 
to prevent caving : 
and water loss. 14.6-16.8' SAND: approx. %5% 
Depth Date ('85} i | predominantly fine to mediun 
0=6)92 1~24 PSS) ee aT | = See = ——— | sand; approx. 5% nonplastic 
-15.0 7-25 : fines; tan; moist; weak Htl 
pulled 7-26 | 1 reaction. Maximum size: #30 
(SP) 
PROGRESS RECORD 
erik : P | 16.8-17.5' SANDY GRAVEL: approx. 
Depth Date ('b5 . ae al a ae | (2 En — 50% fine to coarse; hard; sub- 
U=75 1 7-24 | angular to subrounded gravel; 
7.1-23.4 7-25 aprox. 45% fine to coarse sand; 
Hole compl. 7-26 im approx. 5% nonplastic fines; 


brown to tan; moist; weak to 
DRILLER'S COMMENTS moderate HCl reaction. Maximum 


size; 4-inch. (GP-5P) 


Attempted Butter's 
sample at 6.1' and 
latch locked on bar 
after 0.5' pene- 
tration (no sample) }- 
Other Butter's Many Cee 7 = == 
samples were very 
hard to push. 
Tried Butter's = = 

sample at 16.2' and 

would only pene- 

trace 0.15' with er a ea (A = 
over 300 psi. 


WAV eVA BY SILTY SAND: approx. 


85% predominant ly fine to medium 


sand; approx. 15% nonplastic 
fines; tan; moist to wet; weak 


HCl reaction. Maximum size: 
#30. (SN) 


; 0 10 20 


EXPLANATION 
BLOWS “FOOT Record number of blows required for one foot of penetration. 
: If 50 blows result in less than one foot of penetration, record depth 
penetrated; thus, 50/.4 indicates 0.4 fool penetrated with 50 blows, 
extiapolated as 125 blows/foot 


CLASSIFICATION Desernbe soil type, with emphasis on inplace condition, Include 
AND DESCRIPTION Unitied Soil Classification symbol. EXAMPLE: POORLY GRADED 
SAND. 95% predominantly medium sand, 5% nonplastic fines, 
max size 1/4 inch, firm, moist, gray, uncemented (SP) 
PENETRATION Plot, as shown at tight. Actnal values @, extrapolated values at 50, 
RESISTANCE open circle with extrapolated value 1250 
FEATURE Clark Canyon Dam PROJECT __East Bench Unit STATE__MI HOLE NO, PR- &5-3B 


Sheet 1 of 2 GPO 938-002 
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T-UNG4 (B-T1) 
Bureau of Reclamation 


SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


Sheet 2 of 2 


Feature Clark Canyon Dam Fic isch eamaoleBenchelmihe ee Chote Montana 
Hole No, PR-_ DH _85-3B Coordinates N._25,652.6 = sso We 13,775.8 _ Ground Elevation _ 5510.3 
Depth and Eley. ’ E 7 
of Water Level* None Taken ___Localion approx. 200' D/S Sta. 17+00 —_— Tota! Depth ___ 23% — = 
*Dale Measured None Taken ____ Dale Begun__7-24-85 Finished 7-26-85 __ Logged by__E. Calcagno Approved by —____ 
een 7 ee SRSA SIV a 
se 3 oO PENETRATION RESISTANCE 
NOTES ; st eae ee Blows per Fool 
Water losses, lype and size wi = Ls 9 Weight ofiMommen ee Ib. CLASSIFICATION AND 
pi hele, cing metal |e | Se | se Se Height of D DESCRIPTION OF MATERIAL 
and conditions, Caving Sn | A= =2 |=x NE Se wie . uate 
| __and other infomation ne i ene! i QO A ee - 
HOLE COMPLETION j 
Pulled casing and 
grouted hole from 


(0) tetey WEVA 
TESTING 


Took 
samples at: 

Tee l= 90} 
19.8; 19, 8- 
21.9’. Moisture 


6.6- 


and 


contents respectivel 


aietan Thee sha WES sy 
24.0, and 18.2%, 


BLOWS/FOOT 


CLASSIFICATION 
AND DESCRIPTION 


PENETRATION 
RESISTANCE, 


FEATURE___Clark Canyon Dam — PROJECT.__East Bench Unit 


four Butter's 


18.0- 


20- 


40 — 


7 - i : 
; 
—— = ig 
? 3 © wo 2 4 
EXPLANATION 


Record number of blows required for one foot of penetration. 
If 50 blows result in less than one foot of penetration, record depth 
penetrated; thus, 50/.4 indicates 0.4 foot penetwated with 50 blows, 
extrapolated as 125 blows/foot 

Describe soil type, with emphasis ou inplace condition, tnclude 
Unified Soil Classilication symbol. EXAMPLE: POORLY GRADED 
SAND. 95% predominantly medium sand, 5% nonplastic fines, 
max size 1/4 ineh, firm, moist, gray. uncemented (SP) 

Plot, as shown at right. Actual values @, extrapolated values at 50, 
open circle with extrapolated value 1250 
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HOLE NO, PR- DH 85-3B 


Sheet 2, on 2 
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T-s04 (71) Sheet 1 of 2 
Boren of Reclamation Seu Z 


a SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


Fealue Clark Canyon Dam _ __ Project East Bench Unit aes (ae State____Mentana 
Drill Platform Excavation 
Hole No, PR-_DH 85-4 Coordinates N,_29»663.6 = KW. 14, 039.2 Qiu] Elevalion __—s--5546.5 (See * Sheet 2 of 2) 
Depth and Elev, i : 
of Water Level* _See notes _____ Location_apprex. 70! D/S Sta, 19+00 _ ee hal (YN Gn Ee ne 
*Dale Measured === ——SSS—S(Dattle Begun__©= 26-85 Finished 7-11-85 Logged by_¥: Calcagno _ Approved by 
= ae ie PENETRATION RESISTANCE ae 
NOTES =U) SS lo= Blows per Fool 

iF p r 4 | 7 ak r= x Pes : p ; 
ue aineriol 22 Sie pac] we Weight of Hammer —__140__ Ib CLASSIFICATION AND 

and conditions, Caving ES == [30] &= Height of Drop  —____30__in, DESCRIPTION OF MATERIAL 

and other information w : 8 ; a) 0 10 70 30 40.50 


DRILL RIG EMBANKMENT 
Sprague and Henwood 


0.0-28.0' GRAVEL (ZONE 2): 
140CL Skid rig. sane : 


approx. 55% fine to coarse, hard, 
, 


subangular to subrounded gravel; 


DRILLER 


approx. 35% fine to coarse sand; 
approx. 10% nonplastic fines; tan; 
dry. Moderate to strong UC 
reaction. Maximum size: 3-inch. 


(GP-GM) 


J. McLaughlin 
METHOD 


Bx drive from 0 to 
71.0" and 72.1 to 
77.9", with pene- 
tration tests as 
shown at right. 
Used 2-15/16" rock 
bit from 71.0 to 


-Locally clayey sand with 
gravel zones (approx. 50% fine 
to coarse sand; approx. 304 low 


to no plasticity fines; approx. 
20% fine, hard gravel) at the 
| following depths: 


72k and 77.9) to 5.0-5.5 

86.1'. Attempted 10.0-10.8 
thin wall sample 8.9 14.0-16.0 
at 64.7' (could not F 18.4-19.0 
push) to 66.1", i 22.4 @ 25.9-26.2 


Water used as a 


drill £luid. 28.0-39.0' CLAYEY SAND (ZONE1): 
approx. 50% fine to predominently 
CASING RECORD 


coarse sand; approx. 35% Low 


plasticity fines; approx. 15% Fine 
4-inch casing to 
prevent caving and 
water loss. 

Depth Di 
0-10.5 

0-35.5 

0-50. 5 

0-65.5 : f Si ile 4 
0-70.5 / 

0=-77.5 

pulled 


hard, subrounded to subangular 
gravel; tan to brown; dry; high 
dry strength. Moderate to weak 
UC] reaction. Maximum size: 
2-ineh.  ((SC-=SM): 


39.0-63.5' GRAVEL (ZONE2): 


approx. 55% Eine to coarse, hard, 


subangular to subrounded gravel; 


approx. 35% £ine to coarse sand; 
approx. 10% nonplastic fines; 
tan; moist to dry. Moderate JICL 
PROGRESS RECORD 

Depth(£t) Date(' 85} 

set up 6-26 

0-15.0 6-27 

15% 0=35. 0 6-28 

35.0-50.0 6-29 

50.0-65.0 6-30 

65.0-71.0 jis ( legs 
71,0-86.1 12 

hole 

completion 7-11 


reaction. Maximum size: 3-inch. 
(GP-GM) 

-Locally clayey sand with 
gravel zones (approx. 50% sand; 
approx. 30% low to no plasticity 
fines; approx. -20% fine, hard 
gravel) at: 


40.8-41.2 
52.0-54.3 
-Locally sandy zone (approx. 
65% predominantly fine to coarse 


sand; approx. 304 fine to coarse, 
hard gravel; approx. 5% non- 


plastic fines) at: 


56.6-59.4 


0 10 20 30 40 50 


EXPLANATION 
BLOWS/FOOT Record number of blows required for one foot of penetration. 
If 50 blows result in less than ene foot of penetration, vecord depth 
penetrated; thus, 50/.4 indicates 0.4 foot penetrated with 50 blows, 
extrapolated as 125 blows.foot 


CLASSIFICATION Describe soil type, with emphasis ou inplace condition. Include 
AND DESCRIPTION Unified Soil Classifieation symbol. EXAMPLE: POORLY GRADED 
SAND, 95% predominantly medium sand, 5% vouplastic fines, 
max size 1/4 inch, firm, moist, gray, uncemented (SP) 
PENETRATION Plot, as shown at tight. Actual values @, extrapolated values at 50, 
RESISTANCE open cirele with extrapolated value 1250 
FEATURE soeeek Canyon pam PROJECT__East Bench Unit statE__MT_ HOLE NO. PR- pu sa 


GEO 038-002 
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AG SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


Feature _ Clark Canyon Dam Project Maser ChaU Ouitiees seen - ~ Slate Montana be 
“Drill Platform Excavation 

Hole No, PR- DH 85-4 Coordinates N._25,663-6 KW. 14,039.2 gon Elevation 5546. 5% _ 

Depth and Elev. wee ’ 

of Water Levelt ___See notes __Location__approx. 70' D/S Sta, 19+00 __. Tolal Depth _____ 86 

“Date Measured ___-See notes Date Begun 9-208 __Finisfied__ wits 85/5 — Logged by =~ : eat len Appioved by ———.__ 

NOTES eS RE ~ PENETR/ FRATIO IN N RESIGTANC (ja 
§ ( i z Ring 

Water losses, lype and size Le Be ae ale Weil Ue ee f k 7 
of hole, drilling method Joes | SS | ew jaw eight of Hammer _________ |b. CLASSIFICATION AND 
and conditions, Caving |OS| a= | Se |2n Reighitte ti Drop) erent ne DESCRIPTION OF MATERIAL 
and other information fe 8 |?5 


DRILLER’ $_ COMMENTS 
Took no PR's from 0 
to 35' because it 

was too gravelly. 
Drive barrel got 
hung up in hole From Fou iee Seoe 
55.0 to 60.0' (rock 

fell in above it). 

Tried a 3" push 

sample from 64.7 to fF 

66.1' to see 1f it 

would push and it 

wouldn't; the rig 

came off the blocks. 
Broke drive hammer 

pin when driving 

casing to 77.5’ 


| 
i 


- = == 20% (30 eA “ 
ALLUVIUM-HOLOCENE _ Ten Hoenn 


63.5-69.7' SILTY SAND WITH GRAVEL: 
approx. 75% fine to medium sand; 
approx. 15% nonplastic fines; 
approx. 10% fine, hard, subrounded 
gravel; tan; moist. Maximum 
sand:size: #30. Maximum size: 
l-inch. Weak to moderate HC] 
reaction. (SM) 


Grout 


69.7-74.5' SAND AND GRAVEL: 
approx. 75% fine to medium sand; 
approx. 20% fine, hard, 
subrounded gravel; approx. 5% 
nonplastic Eines; brown; moist; 
weak HC] reaction. Maximum 
Sizer ly —doch. s (or) 


Dirty |Sand 


PLEZOMETERS 
Sealed off bedrock 
with bentonite from [| 
7.3) ees shea Gs ee Te 
lower porous tube 
piezometer (A) from 
74.5 to 76.5' with 
silica sand pack 
Promerss 5 to 75's 
Sealed hole between 
plezonleters with 
bentonite from 63.0 | 
to 73.5'. Set uppert 
porous tube piez- 
ometer (B) from 
60.0 to 62.0’ with fF 
silica sandpack fron, 

59.0 to 63.0'. -___| Piezometer ((B) _ 
Sealed upper part tip ak 62.0) 
of hole with bent- } (El. p484.5) 


CONGLOMERATE (?) BEAVERIEAD 


FORMATION — UPPER CRETACEOUS AND 


LOWER TERTIARY 


74.5-77.9' CLAYEY GRAVEL: 


Bentonite approx. 40% fine to coarse, hard, 
angular, Limestone pravel; approx. 


30% fine to coarse, hard, sub- 


angular sand (limestone particles) 
oxidized orange-red; moist. 
Moderate to strong UCL reaction. 
Maximum size: 2-inch. 

(Decomposed limestone) (GC) 


MADISON GROUP — MISSTSSIPPLAN 


77.9-86.1' LIMESTONE: Light 


gray to osidized orange. Core 
recovered as wash samples. 


Silica Sand 


ae ; 
foundation) contact 


onite From 27.0 to 
59.0'; dirty, sand 
from 26.0 to 27.0', | 
and prout from 0 to | ene se Bentonie = = 
DiGmONs E . *Piezometer pipes were extended 
Piezometer KA) ; ; ; 
‘ 1 a ee above this elevation after drill- 
WATER LEVELS Salt he 23 ‘ Bilical Sand ing and the drill platform 
LOWER PIEZOMETER (At — | (BL. p470.0) excavation was backfilled. 
69.9 7-17-85 l Piezometer A was extended 7.5 feet 
70.5 7-30-85 Pee he a a Bedrjock contact above the platform (top of pipe 
UPPER PIRZOMETER (B)P , at elevation 5554.0) and 
ay Wes entonite Piezometer B pipe was extended 
dry 7-30-85 7.6 Feet above the platform (top 
E | | of pipe at elevation 5554.1). 
f Consequently, final piezometer 
i he oi] Se I. = = - "depths" are 69.6 and 84.0 feet 
L respectively for piezometers 
: B and A. 
, 
a 
; 10 20 30 40 
EXPLANATION eed 10 20 30 40 
BLOWS/FOOT Reeord number of blows required for one foot of penetration. mere ie 
If 50 blows result in less than one foot of penetration, reeord depth oe eel 
penetrated; thus, 50/.4 indieates 0.4 foot penetrated with 50 blows, Lats @ 
extrapolated as 125 blows/foot “SP 
CLASSIFICATION Describe soil lype, with emphasis on inplace condition. Include ati @ 
AND DESCRIPTION Unitied Soil Classification symbol. HXAMPLIE: POORLY GRADED tt 
SAND, 95% predominantly medium sand, 5% nonuplastic fines, Sat. 1257 
ax size 1/4 inch, firm, moist, gray, weemented (SP) 2GWa : a) ra 
PENETRATION Plot, as shown at right. Actual values @, extrapolated values at 50, eaips 
RESISTANCES open circle with extrapolated value 1250 as 
FEATURE_Clark Canyon Dam PROJECT East Bench Unit  opate NT HOLE NO, PR- DH 85-4 


GPO AaA- 907 
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7-1394 (9-71) 
Bureau of Reclamation 


Feature 


Clark Canyon Vain 


SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


Project Bast Bench Unit 


Hole No. PR- 84-5 


Depth and Elev. 
of Water LHS (= beptoastons 


*Dale Measured 


See Notes 


See Notes 


__ Location approx. 200' b/S Sta. _19+00 


10-17-84 


11-4-84 


____ Finished ES 


ee ale Bepun 


NOTES se ne = 2) Blows per Foo 
ne eee ba ae ta ial Ge | 2S |Weight of Hammer CLASSIFICATION AND 
pigeons) Caving S Z| BE | eo [Height of Drop DESCRIPTION OF MATERIAL 
and other information re iz Gia Beds 30 30 HNC ee ae eee ate a Ce 
; [ oY oF oe ene 
DRILL 6 42 fe EMBAWIIENT 
Failing 1500 truck- 700 1. 3 Feary / ey 7 250 0.0-9.0' Clayey Gravel: Approx. 
mounted, ae GZ y “4 50% fine to coarse, hard, mostly 
as { y My ® | angular to subangular, pray 
DRILLER 0.0) CET 3 limestone pravels approx. 30% 
J. McLaughJin Weyer: (i) fine to coarse, hard sand; approx. 
20% low plasticity fines; loose 
HET ILOD 83 to crumbly; strong HIC] reaction; 
Drilled 0 to 31.3" brown. (GC) 
using Bx casing SEE CET a 
drive samples with aie) Bag bd 9.0-18.0' Sand: Approx. 55% fine 
rockbit wash samp les 20 - 167 to coarse, lard sand; aprrox. 357 
in rocky zones. ions fine to coarse, hard, subangular 
Took S.P.T. tests ; to subrounded gravel; approx. 107 
at 2-1/2' intervals paca 24.6 oe nonplastic fines; loose; strong 
where possible. C1 reaction; brown. (SP-SM) 
Drilled from 31.3" ieee ® 
to 32.3’ using 30,- Ses ALLUVIUM-HOLOCENE (fan deposit) 
2-15/16" rockbit. 3beT 250 18.0-24.6' Silty Sand: Approx. 
Water used as drill} 32.3 85% Fine sand: APPrOX. 15% non 
fluid. : plastic fines; occasional mostly 
fine gravels; soft; strong HCl 
CASING RECORD reaction; brown, (SM) 
Set 4" casing to Ae 
prevent caving. 4 : = é ,.| CONGLOMERATE? -( BEAVERIEAD 
Depth Date NOTH: Soft zone from {18.0 FORMA I [ON)-UPPER CRETACEOUS AND 
oe es ae ie {io fee ieee cee Si owt TEROARY 
15,0-32.0' 10-19-84 i in he SelvsT. barred. PHA) (Seah LY Clayey Gravel: 
Pulled Approx. 50% fine to coarse, hard, 
Casing 11-04-84 cigehee 50 — 2 . Nine 5 subangular to subrounded gravel; 
|} approx. 30% fine to coarse, hard 
PROGRESS RECORD | sand; approx. 20% low plasticity 
Depth Date | | fines; crumbly; strong HCI 
0-1.0' 10-17-84, | | reaction; brown (GC) 
1.0-14.1' 10-18-84} 
WAI aed yO OB 4 eee See ee 60—| ee eS eee a 2 MADISON GROUP - MISSISSIPTAN 
31.1-32.3' 11-03-3845 i | Fao eo anes Eoneemlland: 
pray ; fractured. 
PLEZOMETERS 
Set plezometer (A) | 
from 28.8' to 30.84 
Sandpacked from x nee 70-- = = 2 ees , 
9223" to 25.5. Elevations of top of piezomete1 
Filled hole with pipes: 
bentonite balls fro B Al 
25.5' to 16.0'. Set Ar 5504.5 
plezometer (B) from ' B: 5504.6 
OM EOn 2.2101. =I 199 a ] 
Sandpacked from 7} 
WoO VEO: WD 4". | 
Filled hole with Z z 
NOW4 sto. a..0) 
Concreted in 4" 90 - ees = us : 
steel protective j | 
pipe From 3.0' to - : 
surface. Approx. “di 5 
2' stickup. i 
* No reliable moisture test. : a id a 40 a 
EXPLANATION e J10, 20 30 40 
BLOWS/FOOT Record number of blows required for one foot of penetration. e 
If 50 blows result in less than one foot of penetration, record depth 
penetrated, thus, 50/.4 indicates 0.4 foot penetrated with 50 blows, 8 
extrapolated as 125 blows/foot 
CLASSIFICATION Describe soil type, with emphasis on inplace condition. Include @ 
AND DESCRIPTION Unified Soil Classification symbol. EXAMPLE: POORLY GRADED 
SAND. 95% predominantly medium sand, 5% nonplastic fines. 125¢ 


PENETRATION 
RESISTANCE 


FEATURE Clark Canyon Dau 


_— Total Depth — 


MX _W. 13,974.8 Ground Elevation 


|b apepetcaal ayy 


State __Montana_ 


5502.4 


325. 3h 


__ Approved by —— 


max size 1/4 inch, firm, moist, gray, uncemented (SP) 


Plot, as shown at right. Actual values @, extr 
open circle with extrapolated value 1250 


PROJECT Bast Bench Unit 


apolated values at 50, 


STATE__Montana 


HOLE NO. PR- 84-5 


GPO 858-002 
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Bureaw of Reciamation 


Gp SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


Clark Canyon Dam 


Fealure Pitino meaieein Mer EG. Project pact Bench Mey LI, eee. ee Sate... Montanal 
Hole No, PR- 84-5 ____ Coordinates N,.___25,/79.8 —sX#XXX_W. 13,974.8 Ground Elevation 5502.4* _ 
Depth and Elev. I 
of Water Level® _8ee Notes | ocalion___ approx. 200' D/S Sta, 19--00_. Be jolal Mente 2d 2 
*Date Measured__5°¢ Notes pate Begun 20-27-84 Finished 24-4784 Logged by Parish _ Approved by 
' a Sle PENETRATION RESISTANCE 
NOTES > et IZel x Oo ft Biows per F pot 
; = ~ oS L a == 
Water losses, lype a sie Jw | S65 | ws aa) Ee | ES [Weight of Hommes “0 ____ th. CLASSIFICATION AND 
of hole, diilling me hat 90 S92 ee zeta uot SE | Height of Drop ae Se Be DESCRIPTION OF MATERIAL 
and conditions, Caving Oo] a =S |=u| 0 Be 
and other information | a ra teeta aie) ee : 
if VA 4" SYREL PYLE ; 
WATER LEVELS CONCETE 
Depth Date 
BENTONETE 
=! 19 — : = 
i014 SAND 
(B) 12.0'-14.0' 
5 16.0 
i a BENTONITE 
d 25.5 
8 : ; SAND 
aif | (A) 28.8'-30.8' 
S0b a : 
ZS 
2 40 - 
! | | 
| 
See 50 
l | 
| 
tee eae 60 _ 
| 
eh ———$——— Se —— 70 pad = 
‘ SS ee ee oe 80- — — = = 
BB ae | el 90 — es = 
FI iy 
’ 
0 10 20 30 40 
EXPLANATION 4240 20a a0 40 a 
BLOWS/FOOT Record number of blows requited for one foot of penetration. ® 
If 50 blows result in Jess than one foot of penetration, record depth | 
penetrated; thus, 507.4 indicates 0.4 fool penetrated with 50 blows, e 
extrapolated as 125 blows/foot 
CLASSIFICATION Describe soil type, with emphasis on inplace condition. lielude ® 
AND DESCRIPTION Unified Soil Classification symbol. EXAMPLE: POORLY GRADED 
SAND. 95% predominantly medium sand, 5% vonplastie fines, 7h, oes (ae _ Dae 125 
max size 1/4 inch, firm, moist, gray, uncemented (SP) GWo 
PENETRATION Plot, as shown af right. Actual values @, extrapolated values at 50, pee 
RESISTANCE open circle with extrapolated value 1250 a0 


FEATURE Clark Canyon Dam PROJECT Bast Benel Unit STATE Montana — HOLE NO. PR- 84-5 


GPO a1P-0n2 
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71894 (D-71) 
Bureau of Reclamation 


Sheet ] 


SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


| 
Peart moma rect eet Bench Wnke be: Sater Montana 
HAR ah Top of Pipe 
Hole No. PR-84-6 __ Coordinates N._25,954.8 My _W. 13,846.5_.. Ground Elevation — 5485.4 im 5487.0! 
ean and Eley, d ' 
of Water Level" __ See Notes | ocationApprox. 400° Rt. of Dam Sta. 19+00 Total Depth — 30.6 
*DateMeasued__"°e Notes pate Begun eure i. | Blaished_ Sa 27-84 Logged by. Parish Approved by 
NOTES Ke g PENETRATION RESISTANCE 
Water losses type and size ect |iGe| = = : : DiSrSiel ona 
of hole, drilling method rw aul of a5 Werght of Hommer ___— 307 Ib. : CLASSIFICATION AND 
aid conditions, Caving =2 Za a oe Height of Drop et ets in. DESCRIPTION OF MATERIAL 
and other information oF ira ; | eens S| OIE 20 ec Oey ONES 
DRILL We f 
Failing 1500 truck- 3. EL “Z| [ ALLUVIUM ? = NOLOCENE (fan deposit 
mounted. * 6.07 £97 f. @ 0.0 = 3.5' SANDY SILT: Approx. 
0°95) 60% nonplastic Eines} approx. 40 
DRILLER telg. Serene very!fine sand; light brown; wet 
iN. Ne fefusal : ; 
M. Lockhart 10. See - to! saturated; crumbly td softs } 
eye ed strong HCL reaction. (Ml,) 
METHOD C 
0 to 9.3' took 2" Ea | 3.6-6.0" SILTY SAND WITH GRAVEL: 
diameter drive 1 tit Approx. 60% predominantly fine 
samples with SPT | 574 sand; approx. 20% fine to coarse, 
test at 5.0 to 6.0'- 20 an hard, subangular to subrounded 
Another SPT test {J LW fravel; approx. 20% nenplastic 
at 9.0 to 10.0' wasf ARSeaa Fines; tan; saturated; soft; strong 
stopped by gravel. Poon HCl reaction, (SM) 
Drove 4" casing as o4 rt 
needed to prevent cena CONGLOMERATE? (BEAVERHEAD 
caving. Reaned pases | FORMATION) = “UPPER CRETACEOUS awn | 
hole and drilled o | LOWER TERTIARY 
9.3 to 12.8" with ; 
3-3/4" diameter | 6.0-13.0" GRAVEL: Approx. 75% fin 
rock bit. | Took .2" | Co coarse, hard, subangular to 
diameter drive | subrounded eravel; approx. 20% fine 
sanple from 12.8 to} 40 -- to coarse, hard, subangular to 
14.8!. Drilled 14.8 2 | subrounded sand; approx. 54% non- 
to 22.1’ with Nx [ plastic fines; tan to light brown; 
diamond core \ saturated; loose; strong IC 
barrel, Drilled H reaction. (GP) 
22.1 to 30.6' with 
2-3/4" diameter ~~ 50 — MADISON GROUP - MISSISSLPPLAN 
rockbit, Water 13.0-30.6' LIMESTONE: Core anly 
used as drill fluld} from wo.0 to 22 Unde aso dele 
| Bray; oxidized; core badly broken 
CASING RECORD | by heavily oxidized bedding planes 
Drove 4" casing | dipping, approx. 40°, and irrepulari 
0 to 14.8' on a ble 60 - -— - dipping (mostly high angle), white 
5-16-84. Pulled | calcite filled joints; core 
casing 5-17-84, F lengths range up to 6" lone. 
PROGRESS RECORD 
Depth Date 1 
0-6,4' 5=15-84 7 10= 
6.4-22.1' 5-16-84 
Dome 30 L6! VAI Elevations of top of piezometer 
i pipes: 
PLEZOMETERS 
Set lower porous A: 5486.9 
Eubespiiezometer (A) lsc |an B0- = Br 5487.0 
Erom 26 to 28'. : 
Sand packed hole q 
from 30.6 to 22! 
Filled hole with 
bentonite balls 
From 22 to 10'. a a eee ae 90 — = 
Set upper porous - 
tube piezometer (B) | 
from 6 to 8', Sand}- ; 
packed hole from 
10 to 4", Filled 
* No reliable moisture test. 0 10 20 30 40 
EXPLANATION Pepe 10 20 
BLOWS/FOOT Record number of blows requited for one foot of penetration. t fat pla @ 
If 50 blows result in less than one foot of penetration, record depth LLL 
penetrated; thus, 50/.4 indicates 0.4 foot penetrated with 50 blows, joa 2 
2 extrapolated as 125 blows/foot |'--Sp 
CLASSIFICATION Desctibe soil type, with empbasis on typlace candition, Include i eeete @ 
AND DESCRIPTION Unified Soil Classification symbol. EXAMPLE: POORLY GRADED iP ane 
SAND, 95% predominantly medium sand, 5% nonplastic fines. | nC ss 
max size 1/4 inch, firm, moist, gray, uncemented (SP) owas, 
PENETRATION Plot, as shown at right. Actual values @, extrapolated values at 50, Fon ips 
RESISTANCE open circle with extrapolated value 1250 os 
FEATURE Clark Canyon Dam PROJECT Bast Bench Unit STATE Montana HOLE NO, PR- ae 
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7-1994 (9-71) Sheet 2 of 2 
Bureau of Reclamation 


SUBSURFACE EXPLORATION -- PENETRATION RESISTANCE AND LOG 


Feature pies SCR LS aoa Project weast, BenchUntt vest Slate ___ Montana 


' Top of Pipe 


Hole No, PR2 84-6 Coordinates N, 2229948 XXH We 13,846-5 Ground Elevation __ 9485-4" _ 5487.0! 
and Elev. , ’ meh : 

eer cat __ See Notes _Localion Approx. 400’ Rt. of Dam Sta. 19+00 Total Depth __._ 30.6) £ 

*Date Measured ___5e@ Notes ___ ate Begun 2-19-84 ss Finished 9-17-84 __ Logged by_Parish Approved! by 


10 20 ie 2 (UE) 


ial) hate Case | fe ie @ 2.91 |  StPEL PHIPE 
hole with 3.0! + SA D/CEMINT GRGUT 
bentonite balls 4Gh.0' BENTONT f 
from 4 to 3's Set|- B) 6.0-8.0' 
4" steel protective 
pipe to 2’ leaving 10.0" SAWD 
2' of stickup. : 
Grouted with sand/ CONGLOMERATE 
cement grout from { LIMESTONI 
3' to near top 
of PVC piezometer BEN CONTTR 
pipes. Lower [ 
pipe (A) is approx” 52.0! 
1" shorter than 0 
upper pipe (B). ret 
WATER LEVELS ' 
pat naa a lo A} 26.0+28.0 
Lower (A) ; i 
Depth Date 30.6 
Upper (B) 
Depth Date | 
| 
\ 
| 
\ = 
‘ | 
| 
| 
| if 
| 
| 
eS ee ee M4 £ 
0 10 20 30 40 
EXPLANATION pare tame 20 30 40) 
BLOWS /FOOT Record number of blows requited for one foot of penetration. CcEéL7 oe 
If 50 blows result in less (han one foot of penetration, tecord depth EAE aTLeKA 
penetrated; thus, 507.4 indicates 0.4 foot penetrated with 50 blows, hed wr Co) 
extrapolated as 125 blows,/foot hagp 
CLASSIFICATION Describe soi) type. with emphasis on iuplace condition. Include Beeman @| 
AND DESCRIPTION Unified Soil Classification symbol. EXAMPLE: POORLY GRADED ne a 
, SAND, 95% predominantly medium sand, 5% nonplastie fines. Ace. | 125 
max size 1/4 inch, firm, moist, gray, uncemeuted (SP) ?6w a 
PENETRATION Plot, as shown al right. Actual values @, extrapolated valnes at 50, GO Be 
RESISTANCE open citele with extrapolated value 1250 Ae: | 
Clark € Dd = - 
FEATURE ark Canyon Dam PROJECT East Bench Unit STATE Montana HOLE NO. PR- 84-6 


[os TEVEZ IS Ee 


Paar ince ware hae ee ~) PENETRATION RESISTANCE | ee rae eee a | 
NOTES : - te (Q=| x S) Blows per F oat | 
Bee nests sb Dealt een | ete wie (Sia E> | ES [Weight of Hommer 140 __ 4h, | CLASSIFICATION AND 
a ous: Gating 38 SE See ce |Heightiof Drop = 230) in, | DESCRIPTION OF MATERIAL 
d C S$, ld OO => o = r ‘ 
and other information a 3 ae = 
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7-1337 (9-69) 


Bureau of Reclamation GPO toa-401 GEOLOGIC LOG OF DRILL HOLE SHEET. . OR caee nr 


EATER ei aM ye hs akg PPE RROIEC TIO ee ae oa. al teas 
DH 84-7 LOCATION. approx, .8! LU/S. Sta.. 24450. 5579.83 
BOE Oates Se ‘ coonDS. N..22,931,7..... ya Op Ita sia a a 
BEGUN. .2 44784 |. rinisHeD. 2.29784... DEPTH OF OVERBURDEN..........-.. DEPTH... 1580", 
DEPTH AND ELEV. OF WATER - Maya 
LEVEL AND DATE MEASURED... O° Notes. 3... eo. Loccep By... Parish. ........... 
PERCOLATION TESTS < = ce 
NOTES ON MATER ary ane a tees wow aw fu 
5 VELS, ” = w = 
CASING, CEMEDTING. (reen) > |e igre | 5& | ze CLASSIFICATION AND 
CAVING, AND OTHER Loss rH oe || rep Pio ; SHA On 
DRILLING CONDITIONS % Jo o 
Spatial (P.S.1.) | (MIM) 
DRILL "A eae ue Coy ee 9. 0.3 {2 phe NOTE: Material logged Erom roc Tis il 
Portadrill ; ; 7 7,7) | cuttings and the trimmings of 5" 
apie ree 5 Ce Chinwall push tubes. 
DRILLER i 447 
BAA 5 , 
Larry Thomas 7 LY fa EMBANKMENT 
10- LY 0.0-0.3' Asphalt: Black; crumbly. 
NetTHOD | V7 4A | 9.3-116.0' Clayey Sand: Approx. 55% 
Drilled 0 to 158.0 GUE j fine to coarse, hard sand; approx. 207 
using 7-7/8" rock- Wee | fine to coarse, hard, subangular to 
bit and air to es subrounded gravel; occasional small 
remove cuttings. La 7 cobbles; approx. 25% low plasticity 
Drove 8" I.D. wy 4/ fines; Compact; molst; brown with a 
casing and drilled Vo few thin gray, sliphtly organic zones. 
inside casing 7 434 | (SC) 
except in bedrock, O/ 4 
Drilled “open hole! es ALLUVI UM" =HOLOC ENE ¥ 
after driving A ; GG i 0" Sat 1; Approx. 95% fine 
casing into top wi. : all) A Oh sand; approx. 5% nonplastic fines; 
of bedrock. ‘Took Non A CON (RET Yo } saturated; runny; brown. (SP) 
5" thinwall push pee Yor A 
tube samples at Ani 4/47 121,.0-134.0' Clayey Sa Approx. 60% 
selected intervals «0 40, fine to coarse, hard sz 3; approx. 207 
Set porous tube A LON 7 60/) fine to coarse, hard, subangular to 
plezometers in con rs ie subrounded gravel; approx. 20% low 
selected zones. A Vy plasticity fines; moist to wet; brown. 
AeA eG (SC) Contains possible thi 1s of 
4 NI % fo/ ( ‘ , € S poss LE hin zones o 
CASING RECORD Ar? VAG, (eG), 
Used 8" I.D. casing A ear 4 AG 
to prevent caving BAAN $e’ 4 134.0-136.0' Sand or Silty Sand: No 
and help alleviate & On. 50 ? Ei recovery; casing drove very easily; 
fracturiog within Ae SL sample fell ovt of 5” thinwall push 
a:. 74 Ley tube. Muddy les fr : < 
the embankment. Ak oy uddy samples from hole cleanout 
All casing was Oa: {270.5 appeared to be (SP) to (SM). The 
pulled during nin 58.0! me material was fine grained; saturated; 
installation of : ‘ie Y poy and brown. 
piezometers. BENTON ITE 60 y 
136.0-138.0"' Clayey Sand: Poor 
Depth 4 recovery was very muddy; it appeared to 
O=3026" g- Ta 84) 5 ae be clayey sand with some gravel; 
30.6-100.6'9-15-84 as \ y OF 4: saturated; brown. (SC) 
fp aie: -@l(C) 64.8-69.8' Le ets ea 
100.6-125.6'9-16-8 i ‘ b 142 


> 
= 
Ss 
ss 
° 
i 
\ 


125.6147. Ot 917-84 138.0-145.3' Gravel: Approx. 95% fine 


SNES 


to coarse, hard, subangular to sub- 


PROGRESS RECORD 


rounded gravel; approx. 5% nonplastiec 


SaeN 
N@Q NA 
Ne: ‘ 


oe a fines; saturated; loose; brown; 
pigi4 contains many red quartzite and pray 
TT At limestone fragments. (GP) 
100.6" 9-15-84 os 
100.6 - ae, MADISON GROUP ~ MISSISSIPPAN 
127.8" 9-16-84 Wy, 14 5..3=158. o! Limestone: Vresh; hard; 
woh aE ENTONLTE NAB medium pray; driller measured approx. 
158.0 9-17-84 Ae 12 gpm. water production at 158.0" with 
Set piezometers Cae casing set at 147.0'*, 
and manhole 9-18 PO (ev % 
through 9-20-84, Se 
de/ / 
WAasen 
PLEZOMETERS A sig 
a’ SLO 
Set piezometer (A) “i SA 
at 157.6'. Sand- 6% 
o hy 2 


EXPLANATION 
*Alluvial contact propably lies at 127.0' 
(fmbankment material from 116.0 to 134.0 was 
wet to saturated and appeard significantly 


ype of jane: wee eee ees sD Diamond, Hm Hoystellite, 5 = Shot, C = Churn different from overlying embankment in tne 
a senled fitted se ee P = Pockar, Cm = Camonted, Ca = Bottom of caning 7 faleutcle) 
yale, size of hole X-series) » Exam I- 1/2", Ax = 1-7/8", Bre 2-3/8"', N =3" ia 
Approx. size of core (X-sories).. Ex = 7/8" Ane 1-1/0", Bu = 1-5/0", Hx ~ 2-1/0 


Outside dia, of cosing (X-serios). Ex = I- 13/16", An = 2-1/4", , Bx = 2- ie Nx = 3-1/2" 
Inside dia. of See sories)..-Ex = 1-1/2", Axe 1-29/32", Bx = 2-3/8", Nx w J 


Clark Canyon Dam x : 7 
FEATURE... 0.2 ee sce e cep eeescesesees PROJECT East Bench | state, Montana | cueer L..or.3.. Hove no. DH 8457.00... 


743997 A , 
Bureau of Reclamation GPO 804-401 GEOLOGIC LOG OF DRILL HOLE 
Feature... Clark, Canyon, Dam 1... eee ee FOES eyo 5 WEE EIN USI ET onosooudaene 
DH 84-7 LOcATIONapprox.. 8". U/S, Sta-. 24450, .. 5579.83 
j ‘ ROUNDIELEN I Micaccni te one 
Saanoe ee N Coe stare ook ne beo,eero PLE 
BEGUN. 2.24785... FinisHen. 2.20789... DEPTH OF OVERBURDEN............. pertH..128:09', 


DEPTH AMD ELEY. OF WATER . 5 tae 
LEVEL AND DATE MEASURED....°c¢, Notes, |... MOGGEDIBVA sal SH nuclease slows 


PERCOLATION TESTS a7 Fad 


: cea tee She ed 
TANG | DEPTH xt wou ar 
d (FEET) 2 ey Prigto ot 
OF | P= e pe) Lee a) ie 
HOLE FRow| Fe a6 | 
(m | fr Gas (G.P.M.) | (P.S-1.) | IM.) 
a" 7 $$ 


NOTES OW WATER 
LOSSES AMD LEVELS, 
CASING, CEMENTING, 
CAYING, AND OTHER 
DRILLING CONDITIONS 


PHYSICAL CONDITION 


1 
CLASSIFICATION AND | 


sa) 
N 
nm 
CGRE 
RECOVERY 


\ SAMPLES FOR 
TESTING 


packed hole tron 
WSs}! (ere) ILA 7A 5 
Filled hole with 
bentonite balls 
From 149.4' to 
140.8'. Set 
plezometer (B) at 
140.4", It was 
supposed to be at 
PsonOr, put tell 
lower when driving 


Elevations of top of piezometer 


pipes: 


Xp yah) 
B: 5579.4 
CH 557855 


LA ABENTOWLTE | Y bey 
Vea Z \ 5463-4 116.6 ae 


: | Wi ‘ 
20 A/ p21Qa 


casing back. Sand 5458 


packed hole from 
LAG eG. ito LaG.10" . 
Filled hole with 
bentonite balls 
from 136.0' to 
73.5'. (Suspect 
that sand ran iuto 
hole between 120,9' 
and 114.0' while 
casing was pulled 


ENG 


5445.8)134.07 


i 
4 ged, 
Vi £e 
LL £11360 5443.8) 136.00442 
La ASAND 5441.8 0142 
aa Fs “1(B) 1}8.4-40.4! . >. 
ig 140.8 10 Ee 
Y BenrowrTE 15434.5]145, 34 2P50) | 
Wy At 
LH Nan It 
i opt 
SAND ima 
7 
IEE] 
nie 
53} (0! aN 
60- 
70 
80- 
90 


NA 


Ray 
NS 


i 


ry 


in widdle of runny 
sand zone.) Set 
piezometer (CG) at 
69.8'. Sandpacked 
hole from 73.5' to 
Soe Palied 

| hole with bentonite 
balls from 65.5' tc 
SeO ne) Midked 
hole with concrete 
from 58.0' to 8.0! 
Set drain sleeves 
on piezometer 
pipes. Filled 
hole with drain 
sand from 8.0' to 
3,0', Filled hole 
with concrete From 
3.0' to surface and 


set manhole cover 
over piezometer 


plpes. 
SAUPLLNG 
Three 5" diameter 
thinwall samples 
were completed at 
depths of 60.6' to 
(V2) ASE NVLON (eM = (eo) 
121.6", and 125.6' 
to 127,8'. Attempt 
were made to push 
tubes at 30.6', 
OUMG ama: 5G ire 
Where sufficient 
material was 
retained in the 


3) 
0 


20 
& 
Bgg.%o 


EXPLANATION 


.D = Diomond, H = Hoystellite, § = Shot, C = Churn 
2. Pom Pocker, Cm » Comanted, Ca = Bottom of casing 
+o Ex me 1-1/2", Ax = 1-7/8", Bx = 2-3/0", Nx = 3" 
- Exe ui Re = ee 5 = Ronit! ta = ae 
Outalde dio, of casi )iEx = 113/16", Ax = 2-1/4", Be = 2-7/0", Nx = 3] 
tnalde Bie tear th: Ex = 1-1/2", Ax = 1-29/32"', Bx = 2-3/8", Nx = 3 


é Bast jontana Dil 84-7 
SE yr Te SS MUNA a a Dy viProvecr.. 2385 Bench ocrare. Montana gueet.2..0r. 2. Hove Wo. OH 887, 


Type of hole... 
Hols swoled 1... ss 
Approx. size of hole { 
Appron. aixa of core (X% 


~~ 


eal ew Ae a 


' ask: OCI 290+ 4 Jf a 
" Ce ie « somo tba" 
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Bil 
; : 5 
; : 
' Ld 
if ; * 
} pa Th ey 
. j : 
' 7 
| ° : 1%) 
4 i, 1 ' 
} e 
‘ 
: i 
co Ley 
: ; t] i" 
-_ 
' 
i ; 
f 
' 
1 : } et 
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721937 (9-69) 


Plurenu of Reclamation GPO 8ea-401 GEOLOGIC LOG OF DRILL HOLE SHEET ee O RE ciie 


FEATURE... Clark Canyon Dam |, Rea: NUN T ae plastaBench Unie cnet Mere sa ESTATIE: NOME S eae 
i) Locationprox.. 8, Ws; Sta. 2450... Peete 
HOLE NO, PH Be. caps. N. 2559315 ran ‘My Ba9 GeROUNDELEY. 2° 7.270200... .. DIP (ANGLE FRom Horiz.)..\CEEHCAL 
. Petros te ee . ee ote De 
TOTAL 
pecun. 2714-84... rinisnep. 9720784.... DEPTH OF OVERBURDEN ............. DEPTHS a OLe mB BARING Renee rarceit ror minore:treceraecs 
DEPTH AND ELEY. OF WATER N aris 
CEVEL AND DATE MEASURED....2°¢, Notes, NM OGGED BYE oe seo ented «cee MOG IREVIEWEDIBY: «docs: Siteidh as doses 
PERCOLATION TESTS «- | =e 
NOTES ON WATERS sen ar a pow aw tu 
LOSSES AND LEVELS, Qu | ow 5 : 
CASING, CEMENTING, (FEET) SI Tere | erste Picton aes CLASSIFICATION AND 
DRILLING CONDITIONS FROM toss | | te e~ bake We aeeease 
a “+o Y 
(Gey TOL G.pm.) | (P.S.1.) | (Ir.) 


push tubes, 
samples were 
collected, 


PRIMARY WATER 


PRODUC ING ZONES. 


NOTED DURING 


DRILLING 
1. Clayey Sand 
from 60.6' to 
Gare wee oe 
quantity, but 
only zone in 
the upper 
embankment that 
appeared to be 
saturated. ) 
2. Sand from 1l6.0' 
(exo) nfo 
3. Sand? from 
134.0' to 136.0 
4, Gravel from 
WSK! fete: 
aS. Sek 
Limestone from 
SiS O) Mls BO! 
Driller 
measured approx 
12 gpm. from 
hole cleanout 
at L58\.0". 


uw 


WATER LEVELS 
One water level 
was taken during 


drilling operation. 


60 


70 


80 


EXPLANATION 


D = Diomond, H = Hayatellite, § = Shot, C = Churn 

vealed .. 5 a m™ Pockar, Cm =~ Camented, Ce = Bottom of casing 
oe size of hols (x arlealic Ex = Ly phi ee = 1-7/8", Bx = 2-3/8"', Nx = 3" a 
Appron. size of core (X-nerles) - LEx a = 1-1/8", Bu = 1-5/8", Hx - 2-1/8" 
Outside dio, of cosin Bi ecinel Se = i. a6", ne = 2-1/4", Bus 2-7/8", Nx = 3.1/2 
Inside dia. of eaalnntl series). . Ex @ 1-1/2", Ax = T- 29/32", Bu = 2-9/8", Mx ow J 
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7-994 (9-71) Sheet 1 of 2 
Bureau of Reclamation 


ae SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


Fealuie Clark Canyon Dam __. Project __ East Bench Unit se ERe Je ae st woman : 
Drill Platform Excavation 

Hole No, PR- DH 85-8 Coordinates N,___25,555-0 ss MK 'W. 13,870.4 Hi Elevation 5540.6 (See * Sheet 2 of 2) 

Depth and Eley. 

of Water Level* See notes _Localion approx. 85' D/S Sta. 17+00 _ Weal Desi) i By . 

*Dale Measured Se motes pate Begun 7-12-85 Finished 7-17-85 __Logped by B+ Calcagno Approved by 


PENETRATION RESISTANCE 


ao oe wo 
a NOTES re > Poe A gee (DS Blows per Foot 
ee meszeu vera SIZES iti wiz |sa} E> | ES |Weight of Hommer 140 ib, CLASSIFICATION AND 
of hole, drilling method => Eee | ae re 25S : 30 : SORIPTION OF A 
and conditions, Caving S88 Sz Ea eh oc Heightiof/Dropm g ins DESCRIPTION OF MATERIAL 
and other information wy S ae Merrmoe io 71) ee 1) a 
eae 
DRILL RIG hy SE | | EMBANKMENT 
Sprague and Henwood Ga 240 i | 
140UL Skid rig. gates. Q.0-41.5' GRAVEL (ZONE 2): approx] 
poegeo 50% fine to coarse, hard, sub- 
DRILLER ne, “3 | angular to subrounded gravel; 
J. ticLaughlin TOPS iver sirg approx. 404 fine to coarse sand; 
Ope 5 : ; 
a Caeae approx. 10% nonplastic fines; 
METHOD Gy 28 brown; moist to dry; moderate to 
Ee Glee from 0 to i Tors | weak HC] reaction. Maximum size: 
81.5' with the a 3-inch. (GP-GM) 


-Clay content increases 
(approx. 20% medium to low 
plasticity fines; approx. 40% fine 
to corase, hard gravel; approx. 407 
fine to coarse sand) at following 


following exceptiong 
PR's from 43.5-45.0,- 
53), Oi SiH i) sei 
59.0, 63.0-64.5'; 
and rockbit from 
50.0-51.5 and 69.0- 


intervals: 


81.5. Water used 
as drill fluid. 1.8-2.5 
2.8-3.0 

CASING RECORD | 5.2-5.6 
4-inch casing to W222 13 
prevent caving and 15,5-15.8 
water loss. C 205 = 20i3 
Depth Date('85) Kop Woe lG (0) 
0-20.0 Fae ! SSS VAs) 
eee ee @ =] ALLUVLUM~HOLOCENE (fan deposit) 
wick nee | 41.4-50.0' SILTY SAND WITH GRAVEL: 

| approx. 50% predominently fine to 
PROGRESS RECORD -| medium sand; approx. 30% non- 
Depth  Date('85) plastic fines; approx. 20% Fine 
0-20.0 Taye @ “| to coarse, hard, subangular 
20.0-40.0 7-13 gravel, Brown; moist to dry; 


| moderate to strong HCl reaction. 


40.0-61.5 7-14 


oA BEERIRE ais ® Maximum size: l-inch. (SM) 
hol 7-16 to | 
chia Soe a 50.0-53.5' SAND AND GRAVEL: 

RP ; pee Fi Cs) _| approx. 50% fine to coarse, hard, 
DRILLER'S COMMENTS [ subangular to subrounded gravel; 
ie Glewas) Ge Lene approx. 45% fine to coarse sand; 
empal. Gillan jeri : approx. 5% nonplastic fines. Tan 

& ie to orangish-tan; dry; moderate to 
PLEZOMETERS strong HCl reaction. Maximum 
MARIGdn OE Rabedcock |] size: 2-inches. (SP-GP) 

ith bentonite fr 
esta) set | 53.5-61.5' SILTY SAND WITH GRAVEL 
' ene ees eee (SCTE eg a a se a8 = : _| approx. 70% fine to medium sand; 
' ee oe (OM) eee | approx. 15% fine, hard, subrounded 
a 2 a Comoe gravel; approx. 15% nonplastic 
= ine peat oral: | fines. Brown; moist; moderate to 
Eom 63.0 mare 0! + strong HCl reaction. Maximum 
Sealed hole between fF ' size: 1/2-inch. (SH) 
“ Le 4 
piezometers with 1} GONGLONERAT 
bentonite from ]) See 
39,5 to 63.0'. Set | FORMATION) - UPPER CRET, 
LOWER TERTLARY 
upper porous tube a see are ee 
5 piezometer (B) from | 
‘ BDeoetonare sy, waleh Hebe stor 
; 0 10 20 30 40 
EXPLANATION AO 
BLOWS/FOOT Record number of blows required for one foot of penetration. 
If 50 blows result in less than one foot of penetration, record depth 
penetiated; thus, 507.4 indicates 0.4 foot penetrated with 50 blows, 
extrapolated as 125 blows/foot 
CLASSIFICATION Describe soil type, with emphasis on inplace coudition. Include 
AND DESCRIPTION Unified Soil Classification symbol, MXAMPLE: POORLY GRADED 
SAND, 95% predominantly medium sand, 5% nonplastie fines. 125° 
max size 1/4 inch, firm, moist, gtay, uncemented (SP) 
PENETRATION Plot, as shown at right. Actual values @, extrapolated values at 50, 
RESISTANCE Open circle with extrapolated value 1250 
FEATURE Clark Canyon Dam PROJECT East Bench Unit ESSA pee HOLE NO, PRDHRSD= os 
Sheet l of 2 GPO aaa-on2 
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' SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


Clark Canyon Dam _ ee ee aS (al Cee om tana eee 
Drill Platform Excavation 


__ 13, 870.4 Q6HKKElevation 5540. 6* 


Reatiie esas 


Hole No, PR=_ DH 85-8 XK. W. 


Depth and Eley. 


Coordinales N,__25,555.0 


of Waler Level* See inotes ___ Localionaprox, 85' D/S Sta, 17+00 _ NOLEN LOE) Oh) eC 
*Dale Measured See notes __—_ Date Begun___ 7-12-85 —_sFinished___ 7-17-85 __ Logped by fF. Calcagno _ Approved by —___ 
om ae 0 o PENETRATION RESISTANCE 
NOTES Sea A Bee ae] rs) Blows per Foot 
Water losses, type and size |, Qe | GS [ho] Hs | ES |Weight of Hommer Ae ip, CLASSIFICATION ANO 
afjholejdnilling method || SS | ae [Se] we | 2S lHeightorp DESCRIPTION OF MATERIAL 
and conditions, Caving See |) a Boe eeee|| iarse | (Gs UA a ue oh > Ser 
and other information so =) ite, ti Wom 10! 20 30 PAC 50m BS cee Re tae ll A at 
| ofa: |e | 
silica sandpack - ale Al |s | subrounded gravel; approx. 35% 
from 34.5 to 39.5'. / i an be fine to coarse sand; approx. 154 
Sealed upper part Ay ce | nonplastic fines. Tan to orange- 
of hole with . p, pray; moderate to strong HCL 
bentonite from 29.07 ‘° a reaction. Maximum size: 2-inches. 
to 34.5', dirty Ml RS (GM) 
sand from 24.0 to ballin ®: Grout 
Sf Ws 
25.G' and grout ned |e MADISON GROUP - NLSSISSIPPLAN 
from 0 to 24.0'. fe PE BG ; i> » ay eee ee 
> ave 6], | PN SO=Bieby 0 Light gray; 
of [255] [> hard (H-3); ox 
WATER LEVELS 20-\P1| > Nie 
jieincaloc bl ohalsbdesbel) wits le 
oll, : 
DURING DRILLING FS) ae be 
ely al 7-14 AOUgy Dirty) Sand 
45.1 7-15 
45.5 7-16 
LOWER PLEZOMETER(A) | Bentonite 
45.5 PACA Nip fet 35} * Piezometer pipes were extended 
47.3 7-30-85 es me rex i(Gay cee . above this elevation after 
- cee t 37. Silica Sand drilling and the drill platform 
UPPER PIEZOMETER(B) [ (E1.)5503.}) excavation was backfilled. 
dry 7-17-85 sit ar SAU NRE al Tae = Piezometer A pipe was extended 
dry 7-30-85 Folindatdbn 7.3 feet above the platform (top 
Contact of pipe at elevation 5547.9) and 
piezometer B pipe was extended 
| 7.2 feet above the platform (top 
of pipe at elevation 5547.8). 
a ale oa ee E x ; Consequently, final piezometer 
Bentonite "depths" are 44.7 and 73.5 feet 
respectively for piezometers 
B and A. 
Piezpmeter| (A)- ' |Silich Sand 
tip ac 66.P' 
(E1.|5474.4) 
ec te Reel BE a seen cee Se : 
ma , h | “ey | Bedrock chntact 
Aste 
RII ret) Bentohite 
pete 
m3 el 
ee 
Aloe 
——p 00 
5 
\ te aes a 
‘ 0 10 20 30 
EXPLANATION 
BLOWS/FOOT Record number of blows required for one foot of penetration. 
if 50 blows tesult in less than one foot of penetration, record depth 
penetrated; thus, 50/.4 indicates 0.4 foot penetrated with 50 blows, 
extrapolated as 125 blows/toot 
CLASSIFICATION Describe soil type, with emphasis ou inplace colidition. Inelude 
AND DESCRIPTION Unified Soil Classification symbol. EXAMPLE: POORLY GRADED 
SAND, 95% predominantly medium sand, 5% nonplastie fines. 
inax size 1/4 inch, firm, moist, gray, tneemented (SP) 
PENETRATION Plol, as shown at right. Actual values @, extrapolated values at 50, 
RESISTANCE open circle with extrapolated value 1250 
FEATURE Clark Canyon Dam PROJECT East Bench Unit STATE NT HOLE NO. PR- DH 85-8 


GPO 838-902 


Sheet 2 of 2 
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SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


Featue Clark Canyon Dam __ Project ___East Bench Unit ___. Slate Montana ms 
Drill Piactorm Excavation 
Hole No eR Dus o= 2 ee Coordinates N.__25,970.8 =» sss 4K W. _14,495.8  GXHMH Elevalion 2224-9 (see* Sheet 2 of4) 
Depth and Elev. ; 
of Walet Level* _See notes ___Location_approx. 52' D/S Sta. 24+50_ es, oka (Deyo) A 
"Date Measured See notes. Date Begun 9" 1-85_ Finished __ _ Logged by FE. Caleagno _ Approved by 


PENETRATION RESISTANCE 


NOTES ‘ OS Blows per F oot 
Radi losses; type aud Size Se | a Weight of Hammer 140 Ib. CLASSIFICATION AND 
of hale, diiiling method Se | Ee Narcan 40 ; Vesela Ne 
and conditions, Caving a =z eight of Drop 30 __in. DESCRIPTION OF MATERIAL 
anid other information Lae o ee NOS 0. a0. 40 oe : ; 
DRILL | RIG 0 EMBANKMENT 
S&H 140CL Skid rig , ZL waliy le 
0.0-7. ' GRAVEL (ZONE2): approx. 
DRLLLER 50% ae to coarse ) hard,sub- 
J. McLaughlin angular to subrounded gravel; 
- approx. 40% fine to coarse sand; 
METHOD approx. 10% nonplastic Lines; 
took Bx drive tan; dry. Moderate to strong 
samples with Pene- HCl reaction. Max. size: 3:t-incl}. 
tration Resistance (GP-GM) 
tests at approx. 
2.5 foot intervals 7.5-52.0' CLAYEY SAND (ZONE 1): 
(from 22.9 to 98.1 approx. 55% fine to coarse sand; 
feet). Used 2-15/16 2 approx. 30% medium to low 
inch rockbit at plasticity fines; approx. 154 
following intervals fineto coarse, hard, subangular 
to clean hole and gravel; brown; moist; high ary 
advance casing: A strength. Moderate HCl reaction. 
mores BO LOs00) te Occasional thin zones of dark 
22.5-22.9; 24.4-25.6§ gray, slightly organic material, 
27.9-30.0; 36.0- | Aa notably at 33.0 and 44.0! 
40.0; 48.9-50.0; Max. size: 34-inch. (SC-S5M) 
2m Gia os Oso 
B5.0; 121.5-131.6'. 52.0-74.5' CLAYEY SAi!D (ZONE 1): 
Water used as drill e approx. 60% fine to predominantly 
fluid. e coarse sand; approx. 3U4 medium 
to low plasticity fines; approx. 
CASING RECORD 10% predominently rine to ccarse, 
4-inch casing to 63 hard, subrounded gravel; brown; 
prevent caving and moist. Moderate to weak HCL 
water loss. reaction. Max. size: 22-inch: 
Depth Date('85) id (sc-sn) 
G-20.5 6-2 = 
0-40.0 6-3 14.0 > ie 63 G 74.5-80.0'SAND AND GRAVEL (ZONE 1 
0-60.0 6-4 approx. 45% fine to coarse sand; 
75) 6-5 ; 7 oem aerate caer | aaa a approx. 40% fine to coarse, hard 
0-85.5 6-12 ; subangular to subrounded gravel; 
(4-inch casing to ml approx. 15% nonplastic fines; 
85.5' plus 3-inch brown; moist. Weak to no HC] 
casing at following F490 | 59 reaction. Max. size: 3-inch. 
depths): (SM-GM) 
0-92.0 6-13 = ; 
0-105.3 6-14 80.0-90.0' CLAYEY SAND (ZONE 1): 
0-120.0 6-15 @ approx. 50% fine to coarse sand; 
0-121.0 6-16 approx. 40% low to medium 
0-110.0 6-17 plasticity fines; approx. LOZ 
O-50..0 6-18 a fine, hard, subrounded gravel; 
pulled 6-19 a ar Teck | PIE = Sa ear mottled black and orange (oxidizef!) ; 
0 Ly lignitic. Weak HC] reaction. 
PROGRESS RECORD aS Max. size: 2-inch. 
Depth Date('85) Figg | var gravel -very gravelly (approx. 307 
setup 6-1 following alhead gravel) at: 
O-31.5 6-2 o£ sampler from 82.0 to 83.5; 85.0 to 46.U and; 
31.5-54.0 6-3 ae SS pokey fe ees Meera 88.0 to 90.0! 
54,U-77.0 6-4 (SC-SM) 
Fen? 9.2.0 6-5 
travel to 83 P 90.0-10.0' GRAVEL (ZONE 2): 
Billings 6-6 approx. 65% fine to coarse, hard 
100 sand; approx. 30% fine to coarse 


EXPLANATION 
BLOWS/FOOT Record number of blows required for one foot of penetration. 
If 50 blows result in less than one foot of penetration, record depth 
penetrated; thus, 50/.4 indicates 0.4 foot penetrated with 50 blows, 
extrapolated as 125 blows/foot 


CLASSIFICATION Describe soil type, with emphasis on ipplace condition, Inelude 

AND DESCRIPTION Unilied Soil Classification symbol. EXAMPLE: POORLY GRADED 
SAND. 95% predominantly medium sand, 5% nonplastie tines. , 
max size 1/4 inch, firm, moist, gray, uncemented (SP) 

PENETRATION Plot, as shown at right. Actual values @, extrapolated values at 50, 

RESISTANCE. open circle with extrapolated value 1260 

FEATURE Clark Canyon Dam PROJEGT East Bench Unit state te HOLE NO. PR- DH 85-9 


GPO 838-092 


Sheet 1 of 4 
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T-YIBA (M71) 
Bureau of Reclamation 


SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


Fealure Clark Canyon Dam Project East Bench Unit _ ee Gf tomlin zee 
arr or Drill Platform Excavation 

Hole No, PR- Dil 85-9 _ —_ Coordinates N.___29,970.8 MK We 14,495.8  Gfmiat Elevation 5554. 9% 

Depth and Eley. 155 j , 

of Water Levelt __ See notes ____Localion___approx. 52' D/S Sta. 24450 2 Tolal Depth avs tae eee reves 

*Dale Measured __ See Hotes Date Begun LG) ee Finished 6-19-85 | opped by # Caleagno Approved by 


= 


o 
-fo 


NOTES 
Waler losses, type and size 
of hole, drilling method 
and conditions, Caving 
and olher information me 


Blows per Fool, 
Weight of Hommer sit 
Height of Drop Berrie Ola ile 


CORE 
COVERY -%e 
WATER 
CONTENT 
SAMPLES 
FOR TESTING 


Depth Date('85) 
Ree A EOvMEN Mee ing OO. 
Dillon 6-11 
79,0-90.0 6-12 — 
90,0-92,3 6-13 | 88 
92.3-105.0 6-14 
105.0-120.0 6-15 
120.0-131.6 6-16 
Piezometer 6-17 & 
and hole 

completion 


DRILLER'S COMMENTS 


Lots of gravel 


throughout hole. Festal 
Had a hard time a 
cleaning out casing | 3 
as A rods are too 
small to get enough 
water through them 
in 4-inch casing. 
May have lost some 
sample on PR from E 
34.0 to 35.3 because” aa Ip Tal 140 —| 
it pulled out with | 
difficulty. May) | 
be losing some 
drives because 
must beat back 
get them out, 
Like small roots 
scattered in black 
clays in samples. 
Can't drive 4-inch 5 
casing further past zl 
55 S) APGE (Cette) (eatfell aD eas el mes i 
so needed to reduce | 
to 3-inch casing. : J 
Mike had to go to 
Billings on 6-13 to 
get more 3~inch 
= = 5 70- 


casing. Changed oil|- 
at pump at river. ; 
liad to straighten | 
out casing shoe to | il 
get dive barrel 
through it on 6-13. | 

ot Wes ns — . — 80 — 


Couldn't take PR's 
below 98.1' due to i 
gravels. Lost all } | 
water returns at 
120.0'. Found wet 
spot on dam below 
vig on 6-16. 
Reported it to dam- 
tender and geologists 
Wet spot turned out 
to be water running 
on surface from 


10 
EXPLANATION 
BLOWS/FOOT Record number of blows requived for one foot of penetration. 
if 50 blows result in less than one foot of penetration, record depth 


penetrated; thus, 50/,4 indicates 0.4 foot penetrated with 50 blows, 
extrapolated as 125 blows/foot 


CLASSIFICATION Describe soil type, with emphasis on inplace condition. Include 
AND DESCRIP'TION Unified Soil Classification symbol. EXAMPLE: POORLY GRADED 
SAND. 95% predominantly medium sand, 5% nonplastic fines. 
max size 1/4 iuch, firm, moist, gray, uncemented (SP) 
PENETRATION Plot, as shown at tight. Actual values @, extrapolated valnes at 50, 
RESISTANCE open circle with extrapolated value 1250 
Peni ineee cache Canyon Danley PROJEDT ese Bench Unit sTaTe_Montana 


PENETRATION RESISTANCE | 
50 


MADISON GROUP - MISSISSEPP LAN 


Sheet 2 of 4 


CLASSIFICATION AND 
DESCRIPTION OF MATERIAL 


hard, subrounded gravel; approx. 
54 nonplastic fines; tan; moist; 
jloose; moderate HCl reaction. 
Maximum size: 2-ineh (GP) 


ALLUVLUN-HOLOCENE 


' CLAYEY SAND WITH 
approx. 60% fine to 


coarse, hard sand; approx. 20% low 
plasticity fines; approx. 20% Fine 
subrounded to rounded, hard 


gravel; brown; moist; weak HCl 


reaction. Maximum size: 2-inch 
(SC-SM) 


approx. 50% fine to 


hard sand; approx. 402 
gravel; approx. 10% nonplastic 


Fines. Locally variable. Tan 
to orange-gray; weak to not 
cemented; strong HCl reaction. 
(SP-SM to SP) 


121. 5-131.6" LIMESTONE: Light 
ray; hard (i-3); oxidized. 


*Piezometer pipes were extended 
above this elevation after 
drilling and the drill platform 
excavation was bacfilled. 
Pilezometer A pipe was extended 
10.0 feet above the plat£orm 

(top of pipe at elevation 5564.9) 
and piezometer B pipe was 
extended 10.1 feet above the 
platform (top of pipe at elevation 
5565.0). Consequently, Final 
piezometer "depths" are 108.0 

and 127,5 feet respectively for 
piezometers B and A. 
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HOLE NO, PR- Dil 85-9 
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Sheet 3 of 4 
7-1984 (P-71) 
Bureau of Raclamation 


SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


Feature Clark Canyon Dam Project East Bench Unit ne State Montana 
ln See TAME an nt Pian ~~ Drill Platform Elevation 
Hole No. PR- DH.85-9 Coordinates N.__292970-8 _ YK We 14,495.8  BfdihY Elevation 5954-9 (see * Sheet 2 of 4) _ 
Dee ey ' a 
of Water Level See notes talickallapproxneocueDOmotane 24+ Oe 2 TolaliDepth woe = 
*Date Measured See notes Date Begun___©-1-85 Finished___ 6-19-85 __ Logged by P+ Calcagno _ Approved by 
: S PENETRATION RESISTANCE 
NOTES # |= : 

Water losses, lype and size i ob Gh : SUS aura LoCM 

of hole, drilling method | acs fe Jari Weight of Hammer —________ Ib. __ CLASSIFICATION AND 

and conditions, Caving 88 =z =o HeightofiDrope iin. DESCRIPTION OF MATERIAL 

and other information a oneeS 0 10 20 3 40 50 


drilling. Spot 
dried up quickly 
after drilling. 
Read water levels 
in all new 

Clark Canyon Dam 
wells on 6-17. 


—_ 2 20RS 1 90Ee 
Br oul 


PIEZOMETERS 
Sealed off bedrock 
with bentonlte i 
from 119.5 to 131.5'--- 
Set lower porous 

tube piezometer (A) 
Prom cea CON Llds ot 
with silica sandpac 
from 113.0 to 119.54. 
Sealed hole between|~— 
piezometers with 
bentonite from 

99.0 to 113.0'. 


LG eS Fi RS RIS PRI 


i == 


SEE 
SEES 


SPSS 


SS 
= 


Seriron 


Se 


Set upper porous 
tube plezometer (B)} 
from 96.0 to 98.0', 
with silica sandpac 


i 
a 


from 94.0 to 96.4". mt 
Dirty sand from iy 
68.0 to 94.0 and he 


bentonite from 88.0f Bentpnite 


to 20.0'. Backfill¢d 
remainder of hole 
with grout. Set 
4-luch steel 
protective pipe at 
surface. Piezometef 


a 


ee 
“= 


= 


Sse 


a 


eae 


IS" 


has y-inch PVC pipe} 
approx. 0.1 feet 


— 


= 
a 


(3/4=ineh PVC) for 
piezometer A. 


2a 
= 


Sea 


SS 


= 


IES 


WATER LEVELS 


(During Drilling) 


Depth Date (' 85)} i i 
hd bectsk oa ee ut f 
dry By £3 
ai Gea AY 
5.0 Le ; % 
8.4 td iy 
8.4 Hr 

8.4 i A 
dry i 
dry 4 ; 
101.0 Bias VA eA ies 


100.0 Ze sl leas x) Cemeht sant! 
101.2 7i}*1 and| fines 
99.7 fare 


ed sand 


met O ey 


0 10 20 30 
EXPLANATION 30 40 

BLOWS/FOOT Record number of blows required for one foot of penetration. 

If 50 blows result in less than one foot of penetration, record depth 

penetrated; thus, 50/.4 indicates 0.4 foot penetrated with 50 blows, 

extrapolated as 125 blows/foot 
CLASSIFICATION Describe soil type, with emphasis on inplace condition. Include 
AND DESCRIPTION Unified Soil Classification symbol, EXAMPLE: POORLY GRADED 

SAND, 95% predominantly medium sand, 5% nonplastic fines. 

max size 1/4 inel, firm, moist, gray, uncemented (SP) 
PENETRATION Plot, as shown at tight. Aetual values @, extrapolated values at 50, 
RESISTANCE open circle with extrapolated value 1250 
FEATURE Clark Canyon Dam PROJECT Bast Bench Unit STATE MT HOLE NO. PR- 85-9 
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77-1984 (8-71) Sheet 4 of 4 
Bureau of Reclamation 


SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


Feature Clark Canyon Dam =. Project Bast Bench Unde 0 ke, See —_iteiniennr 
Drill Platform Elevation 
Hole No, PR- DN 85-9 Coordinates N.__25,970.8 We 14,495.8 _ BiNKElevation 5554.9 (see * Sheet 2 of 4) 
Depth and Elev. . : 
of Waler Level see notes _Localion approx. 52' D/S Sta. 24+50 oe, Hoa DySeltht SG 
"Dale Measured__see notes _Dale Begun _O-1-85 = Fiftished 6-19-85 _____— Logged by_#. Calcagno _ Approved by — 
ark 1 Sia ee EES PENETRATION RESISTANCE | 
NOTES > eta a oO Blows per Fool 
2 5 u aw = B an 
Medic atone | 2 | Be iat) Se | SS [Weiohnot Homme, 140 __t, CLASSIFICATION AND 
' . = (>) Et Se ple = . . Eee RIP Nv 
and conditions, Caving 88 ait Sz 2m pe oe HeightiofiDropy iin DESCRIPTION OF MATERIAL 
and other information | oe ee ee i eae £0 Sa 0 0 Jd 0 eS Ce 4 2 - 
Contact ba an | 
= i ; fa iy “ 
LOWER PIEZO. (A) Alluvial eo a 
Depth  Date("85) a WM] Berjtonitd 
100.9 (-WIE85 iy ie te 
101.1 7-30-85 eh ne 
UPPER PIEZO. (B) 113.5 NA 
- == ae 7 ee oe qs, 
Depth Date (85) Piezdmeter A 
not read 7-17-85 iz cipl ati lli7sds 
not read /-30-85 (pL, 154371.4)¢- Sillica sdnd 
SIEVE ANALYSIS OF ick ate ; 3 
ZONE 2 FLLIER | + ee —t- 
(90..0-100.0") eke ii pet | 
Screen or Percent |- Limes|t one Bentonite ; 
Sieve size Passing | 
Zu 100 aaa 
133" 93 | 
at 83 ; 
3/4" 78 | 
Att 65 + 
3/8" 56 
No. 4 37 De 
No. 10 27 
No. 20 21 | 
No. 40 16 2 3 
No. 80 ilo) Ip ; 
No. ‘200 6.5 f+ ; 
es -—| n 
| 
| 
| 
| 
10 20 30 40 
EXPLANATION 
BLOWS “FOOT Record number of blows required for one foot of penetration. 
If 50 blows result in less than one foot of penetration, record depth 
penetrated; thus, 59/.4 indicates 0.4 foot penetrated with 50 blows, 
extrapolated as 125 blows foot 
CLASSIFICATION Deseribe soil type, with emphasis on inplace condition, Inelude 
AND DESCRIPTION Unified Soil Classifieation symbol. HXAMPLE: POORLY GRADED 
SAND. 95% predominantly mediuin sand, 5% uonplastie fines. 
tax size 1/4 wek, fiem, moist, gray, uncemented (SP) 
PENETRATION Plot, as shown at tight. Actual values @, extrapolated values at 50, 
RESISTANCE open circle with extrapolated value 1250 : 
FEATURE Clark Canyon Dam PROJECT Bast Bench Unit STATE MT HOLE NO, PR- DE So-u) 
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; SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


Featue Clark Canyon Dam Project tiasp Bench Unit = State ereisiioutanay, 
Hole No, PR®4-1L0 _- Cootdinales N.__26,196-5 Ss XK LW. 14,336.6 Ground Elevation 5470.79 
Depth and Elev. . 
of Waler Levelt __See Notes Location. approx. 330! _D/S Sta. 24450. __ Total Depth -__ 29 5" 
*DateMeasured__See Notes pate Begun 1074784 Finished 2979°8" —Lopped by Parts! Approved by 
ae 3 PENETRATION FESTGTANCE 
Waler losses, type and size bare) Weight of H L40 Ib ee 
of hole, drilling method an RD ae ree CLASSIFICATION AND 
and conditions, Caving ae Height of Drop acc Me DESCRIPTION OF MATERIAL 
and other information ae) 10 20 30 10 
EMBANKMENT 
Falling 1500 truck- | c yf “| ] 0.0-6.0' Clayey Gravel with Cobb les 
mounted, y / 5 and Boulders: ‘Very coarse, had 
@ trouble Level iis vophth Fel velreyi ME yp 
DRILLER using a D-6 Cat. Ustimate tha 
J. McLaughlin | 60% of total unit consists of flat 
90 @angular, gray Limestone fragment: 
METHOD 65 @ue te Z wide and 6" thick. 
Drilled from U0 to Y Remainder of material is clavey 
2U.5' using bx a= 7 gravel with approx. 15% low 
casing drive barrel ‘ «9 Reset d 92 Mplasticity fines. (GC) 
and taking SVT tests[_Q_ | Rock NE 6.0-16.0' Clayey Gravel: Approx. 
at approx. Dawe E oie = 41 50% most ly subangular, hard, fine 
intervals. Casing } : to coarse gravel; approx. 35% fine 
cleaned out and a |} to coarse, hard sand; approx. 15 
cobbles penetrated fF low plasticity fines; moist; 
with 3-7/8" rockbit. crumbly; brown; strong IC 
Drove 4" casing to ff 2 |_ i x; ; , | reaction. (GC) 
prevent caviny. 
Unserewed casing [ : | ALLUV 
shoe at 20.0' while [ i i 16.0. J J Not much 
cleaning out hole. different except 
Could not advance, tbe fines appear to be nonplastic- 
so nad to abandon : Approx. 55% Eine to coarse, hard, 
uole. Water used as subangular to subrounded gravel; 
Ca oy OO ae Wt Uo 0 [ approx. 30% fine to coarse, hard 
sand; approx. 15% nonplastic fines 
| wet; crumbly to loose; browns a 
Set 4” casing to | few grass roots at 16.0" with 
prevent caving, e302) oS es av ae i mel occasional roots below tha 
Depth depth. (GM) 
0-12.25! 10=4=Bap 
W2ivo=2 Ole5) 10=5-84, | 
Set 1-1/2" PVC pipe | 
10-6-84. 
Elevation of top of piezometer 
PROGRESS RECORD pipe: 
Depth 
5472.7 
WPS See Isp es be Baral & 
Completed 
hole 
PIEZOMETER 
Pulled casing to 
: start new hole, 2 = | ‘el iz 
t tlole stayed open to j | 
[SEU eye Sebel) 2u 
PVC pipe from 0 to 
15.0'. Plpe slotted 
from 15.0' to 10.0’. 
from 15.0" to 9.0.1 £ 
Concreted hole from} 
9.0' to near top of 
, protective pipe. 
, 
i Beate) ® eee 
' 0 10 20 30 40 
EXPLANATION 
BLOWS/FOOT Record number of blows required for one foot of penetration. 
If 50 blows tesult in Jess than one foot of penetration, record depth 
penelvated; thus, 507.4 indicates 0.4 foot penetrated with 50 blows, 
extrapolated as 125 blows/foot 
CLASSIFICATION Describe soil type, with emphasis on inplace condition. Include 
AND DESCRIPTION Unified Soil Classification symbol. HXAMPLE: POORLY GRADED 
SAND. 95% predominantly medium sand, 5% nonplastic fines. 
max size 1/4 inch, firm, moist, gtay, uncemented (SP) 
PENETRATION Plot, as shown al tight. Actual values @. extrapolated values at 50, 
RESISTANCE open circle with extrapolated value 1250 
FEATURE Clark Canyon Dam PROJECT Hast Bench Unit STATE Montana a: HOLE NO. PR-84-10 
re ees a ee et ee 
; ’ GPO naB-092 
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‘ SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


» | Feature Clark Canyon Dan Maite coe Unt ee State OEE Te 
a 5470.79 
Hole No, PR- 84-10 Coordinates N. _26,196-5 XK. W._14,.336.6 Ground Elevation __? WE ae 
Depth and Elev. 0.5" 
of Water Level" _See Notes __Localion___ apprex,330’ D/S Sta. 24450... Tolal Depth __ 20). 
*DaleMeasured._See Notes pate Begun.__10-4-84 Finished _407°°84 _ Logged byes Approved by ——— 
NOTES fi PENETRATION RESISTANCE 
oO ows per Foo 
Bee eine ize aos Weight of Hammer — Ib. CLASSIFICATION AND 
Bfeeetalvionss Calne ee \Helghtof Drop 9 —— in. DESCRIPTION OF MATERIAL 
d 9, UC o 
and other information i 10-20 A0LM AOL MSO eee ee ee 
WATER LEVELS 
None taken during CONCRETE 
drilling. 
Depth Date 
pee 9.0! 
SANI j 
(A) |10.0'415.0' |Slotedd 1-142" PVC 
15." 
| | 
| 4 
} | > 
: 
1 
oe ee 
: 0 10 20 30 
A EXPLANATION 40 
BLOWS/FOOT Record number of blows required for one foot of penetration. 


If 50 blows result in less than one foot of penetration, record depth 
penetrated; thus, 50/.4 indicates 0.4 foot penetrated with 50 blows, 
extrapolated as 125 blows/foot 


CLASSIFICATION Describe soil type, with emphasis on inplace condition. Include 
AND DESCRIPTION Unified Soil Classification symbol. EXAMPLE: POORLY GRADED 
SAND, 95% predominantly medinin sand, 5% nonplastie fines. 125° 
wax size 1/4 inch, firm, moist, gray, uncemented (SP) 
; PENETRATION Plot, as shown at tight. Actual values @, extrapolated values at 50, 
RESISTANCE open circle with extrapolated value 1250 
FEATURE___Clark Canyon Dam PROJECT __East Bench Unit STATE__Montana HOLE NO. PR- 84-10 
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nr . SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


Clark Canyon Dam East Bench Unit 


_ | Feature 2 ___ Project - a A ee ee eee RS 
Hole No, PR-_84-10A Coordinates N.__22193-7 KW 14,332.1  Gigund Elevation _5470-92_ 
Depth and Eley. 
of Water Levelt See Notes Location___@pprox. 330' D/S Sta. 24+50 Total Depth__54.0" 
*DaleMeaswed °c& Notes pate Begun_29-7-84 —Finishea 20-17-84 Logged by Parish Approved by____ 
—<Te| BEN ‘poaaa Ca ian on adn omer tool Fife one ee ee a x Se ae 
NOTES ey 2 g eS a eee omits 

Water losses, lype and size oe az sal fespas v me Z 

of hole, drilling method | aS Bo |e) oe Weight of Hammer 140 _ Ib, CLASSIFICATION AND 

and conditions, Caving |S Se r| an Height of Drop 39 in. DESCRIPTION OF MATERIAL 

; Hin oe 

and other information x | as) re A fe (Oret 20 COR ee) od ee ee 
DRILL NOTE: The top 20.0' of this 
Failing 1500 truck- } drill hole was not sampled. 
mounted. L The log was prepared From 

6.0 observations of material from 
DRILLER 4y nearby hole DH 34-10. 
J. McLaughlin [SES essa Eh (aj e 
; EMBANKMEN 
METLLOD 0.0-6.0' Clayey. Gravel with Cobble 
Drilled with 5-7/8" | p and Boulders: VYery coarse, had 
rockbit from VU to i 16.04 57 Zor trouble Leveling off a drill site 
0 “i 


3.0'. Chopped and 
washed using Ax wns oe : 20- 
rods from 3.0' to ; 
Zi Ole) See An 
Casing, Eo 21.0'. 
Advanced hole from 
21.0' to 42.8' using 
Bx casing drives see +, ee 30 
wlth SPT tests at 
approx. 

intervals, 

and washed or used 
rockbit to get pastr ; 
cobbles. Drilled é a, aa 40 -\Y 4> : crumbly: brown; strong HCI 
from 42.8' to 54.0' ; ig 


using a D-6 Cat. Estimate that 
60% of total unit consists of 
@ | flat, angular, gray Limestone 
fragments up to 2' wide and 6" 
thick. Remainder of material is 
clayey gravel with approx. 15% 


i low plasticity fines (GGor 


6.0-16.0' Clayey Gravel: Approx. 
50% mostly subangular, hard, fine 
Q | to coarse gravel; approx, 35 

| Fine to coarse, hard sand; approx. 


15% low plasticity fines; moist; 


reaction (GC). 


using 2-15/16" 42.0 not, 
rockbit. Water =, ALLUV LUM-IOLOCENE 
used as drill fluids ; 16.0-29.0' Silty Gravel: Not 
Casing driven as much different from above unit 
needed to prevent = eee eee 50 — ee ae =~ except the fines appear to be 
caving. c 3 nonplastic. Approx. 55% Fine to 
54.0 4 coarse, Subangular to subrounded, 
CASING RECORD - = ' “| hard gravel; approx. 30% fine to 
Set 4" casing to 7 coarse, hard sand; approx. 15% 
prevent caving. : | | uonplastic Fines; wet; crumbly 
All casing pulled oa os 60— RE eee (nee | CO jJoose; brown 16.0' to 23.0', 
on completion of a 5 : gray 23.0" to 25.0', brown 
hole. , | | te 2520) Sea 2G. CGM) 
Depth Date : 
u-21.0! 10-07-84, | 24.0-25.0' Sandy, dark pray 
21.0-37.0' 10-08-84, 7 organie zone. 
37.0-40,.5!' 10-09-84}-———|——— 70-- —_ 2a) See | 
Pulled : | 29.0-38.0' Gravel: Approx. 65% 
Casing 10-LO0-84 fine to coarse, subangular to 
subrounded, hard gravel; approx. 
PROGRESS RECORD i } 304 fine to coarse, hard sand; 
Depth Date , approx. 5% nonplastic fines; wet; 
i 0-22.0' 10-07-84 = — 80— _.._| loose; brown. (GP) 
22.0-37.0' 10-08-84) ] j 
37.0-48.0' 10-09-84) | 38.0-42.0' Silty Gravel: Approx. 
si 55% fine to coarse, subangular 
Completed i | oO subrounded, hard gravel; 
Hole 10-17-84 4 approx. 30% fine to coarse, hard 
: -- 90— arise | eee eee |S ae ot sand: approx, la4 nonplastkie 
PI EZOMETERS ; } fines; wet; brown; crumbly. (GM) 
Set porous ‘tube 5 
piezometer (A) from|- - | MADISON GROUP ~ MISSISSIPPIAN 
50.0" to 52.0". b 42,.0-54.0' Limestone: flighly 
Sandpacked from i weathered to soft red clay 


‘ ‘ 0 10 20 30 40 
No reliabt istur ; 
No reliable moisture test EXPLANATION 
BLOWS/FrOOT Record number of blows required for one foot of penetration. 
If 50 blows tesult in less than one foot of penetiation, record depth 
penetrated; thus, 50/.4 indicates 0.4 foot penetrated with 50 blows, 
extrapolated as 125 blows/foot 


CLASSIFICATION Describe soil type, with emphasis on inplace condition. Inelude 
AND DESCRIPTION Unified Soil Classification symbol. EXAMPLE: POORLY GRADED 
SAND, 95% predominantly medium sand, 5% nonplastic fines. 
max size 1/4 inch, firm, moist, gray, uncemented (SP) 
PENETRATION Plot, as shown at right. Actual values @, extrapolated values at 50, 
RESISTANCE open circle with extrapolated value 1250 
FEATURE___Clark Canyon Dam PROJECT ___East Bench Unit STATE__tiontana 
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SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


Sheet 2 of < 


eeeeeeeeel 


BEAR Lae Canty onl Dant i __ Project East Bench Unit State Montana _ ae 
Hole No, PR: 84-208 Coordinates N,__26, 193-7 XXX _W. 14, 332.1 Ground Elevation _ 9470-92 
th and Eley. i 
Prater Levels See Notes ___Location____—_— approx. 330' D/S Sta. 24+50 _____ Total Depth __ 54.0" z 
*Date Measured 2€e Notes Date Begun__10-7-84 ___—Finished 10-17-84 ___ Logged by Parish ______ Approved by —— ==] 
= > he PENETRATION RESISTANCE. 
NOTES se we (B= rs) Blows per Foot 
” s Lug = 
Paine ace ear: ws ae aid aS Weight of Hammer a Bs Ib. se AON AND 
u = i in. JESCRIPTION C E ke 
and conditions, Caving 88 =z Zo be Rgiiof Drape) ¢—————————In JESU 
and other information ge Sie Rb eng. 10): ZONE ag erp StS oe ae eee 
od SCRA | eaypenl lace lentecnnlienaoe 
54.0' to 48.0'. a Nn an Reeieee ree 42.0" to 42.5". lard and medtum 
Filled hole with OA A: gray rock below 42.5'. 
bentontte balls JOR 
from 48.0' to a aA 
38.0'. Set porous } A Reve Elevations of top of piezometer 
tube plezometer {Aon pipes: 
(B) from 34.0' to A Ae 
36.0": penspacked | : AD CONCHETE NSU De 
from 38.0° to 30.3 1a AK: B: 5472.8 
Filled hole with VAAN 
bentonite balls daca: 4 
from 30.3' to OO, 
25m Ui) saved Nice 
hole with concrete Ab 
from 25.0' to near 
- W La 
ibe tatea ues BENTONT TE 
protective pipe 
set approx. 1.9! 
above ground SAND 
surface. (B) 44.0'-}6.0' 
WATER LEVELS 
Depth Date | 
BENTON EEE 
| 
(A) 40.0'-92.0' 
SAND 
0 10 20 30 
EXPLANATION 
BLOWS /FOOT Record number of blows required for one foot of penetration. 
If 50 blows result in less than one foot of penetration, record depth 
penetrated; thus, 50/.4 indicates 0.4 foot penetrated with 50 blows, 
extrapolated as 125 blows/foot 
CLASSIFICATION Describe soil type, with emphasis on inplace condition, tnelude 
AND DESCRIPTION Unified Soil Classification symbol. EXAMPLE: POORLY GRADED 
SAND, 95% predominantly medium sand, 5% nonplastie fines. 
max size 1/4 inch, firm, moist, gray, uncemented (SP) 
PENETRATION Plot, as shown af right. Actual values @, extrapolated values at 50, 
RESISTANCE open circle with extrapolated value 1250 
FEATURE Clark Canyon bam PROJECT Bast Bench Unit STATE Montana HOLE NO. PR- 84-10A aa 


GPO AaA.002 
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ak. 4 


bw ie he penn, 
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SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


Resting Clark Canyon Dam Project East Bench Unit in emcees 
Hole No, PR- 84-11 — Coordinates N.__ 29» 350-1 ss EX_W. 14, 228.2 Ground Elevation 9499-3! 
epth and Elev. , . p ; 
if Water Levelt See Notes | ocalion__@pprox. 500' D/S Sta. 24450 Total Depth 47-0 
*Dale Measured 2&2 Notes Date Begun 8-28-84 Finished 9-20-84 __ | ogped by_Parish = Appioved by 


PENETRATION RESISTANCE 


NOTES at sn) Sec 2 Blows per Foot 
malo inaseey (yeuandsize: Vai | Ses) || ey [ata Weight of Hommer 140 ___ Ib, CLASSIFICATION AND 
Bia lis ee 35 Se =e fe Height of Drop 30 Sains DESCRIPTION OF MATERIAL 
and other information ney SN ne 0 10 20 30 40 50 5 ae, 
DRILL ; ee 4a | 9.9 NOLE: Hole had very poor 
Failing 1500 truck- 2s ® recovery. Logged primarily from 
mounted, 7 03 Driller's Log and a few drive 
@ samples. 
DRELER 
J. McLaughlin 45° |- 73 d hy ——~“le FELL/ALLUVIUM. HOLOCENE 
31 5, Kee 0.0-3.0 Clayey Gravel: Approx. 
METHOD Le _| WZ O @ 50% fine to coarse, hard, mostly 
Drilled 0 to 30.0! ay 39) x ¢ i / @ angular, gray limestone gravel; 
taking Bx drive ea lf "he approx. 35% Eine to coarse, hard, 
samples where Lo | V 6 gray limestone sand; approx. 15% 
possible and either Ss ey 20 1G EG, low plasticity fines; gray; 
3-7/8" rockbit or Ee = hese oy 100% crumbly to loose; strong Cl 
Ax chop and wash E20 | a reaction; moist to saturated. (GC) 
where the material 40 32 : eR ®@ 
was gravelly. spr {100 5.0-11.0' Silty Sand: Approx. 35 
tests taken at 2 28 z @ predominantly fine to medinm sand; 
approx. 2,5‘ See approx. 15% nonplastic fines; 
intervals where 9 organic; gray to nearly black; 
possible. 4" =e Saturated; very soft; strong HC] 
advanced during 2 ¢ reaction. (SM) 
drilling to prevent 
caving. Water used 11.0-36.0' Clayey Gravel: Approx. 
as drill fluid. At 60% fine to coarse, hard, sub- 
30.0' nad trouble angular to subrounded gravel; 
getting gravel out approx. 25% fine to coarse, hard 
of hole and became Sand; approx. 15% low plasticity 
worried about pos- fines; brown; saturated; loose to 
sible head in lime- crumbly; strong HCL reaction. (GC) 
stones Grouted hole-—{———|-—— 
shut and set 10' of NOTE: Twisted metal shavings 
4" casing in top of similar to those from a lathe 
nole after pulling were recovered from the SPT 
remainder of casing. drive between 20.0' and 21.5'. 
Drilled out grout they are tarnished, but not 
with 3-7/8" rockbit —1- — = = rusty, so mist be made of 
from 0 to 20,0'. [ stainless steel or some alloy. 
Coopped and washed i 
with Ax rods and ~| MADISON GROUP-MISSTSSTPP LAN 
drilled with 2-15/16f' | 36.0-47.0' Limestone: lard; 
rockbit from 20.0 E medium gray; severely Fractured 
to 39.4', taking SS 70—| t =a ia Gates Se ———| with numerous white to rusty 
SPT tests at approx, yellow clay-filled cracks. 
2.5' intervals 1 
where possible, = = 
Water used as drill al 
Fluid and Nw casing [ Elevation of top of piezometer 
advanced during eet eae = : = pipe: 
drilling to prevent | 
caving. Drilled | 5456.5 
Nx core from 39.4 = = 
to 475.0" 5 
CASING RECORD |---|] 94 ; ; 
Set both 4" aud | 
Nw casing to prevent : 
caving. 1 = 
| DONE EE 
0 10 20 30 40 50 
* No reliable moisture test. EXPLANATION 40 
BLOWS/FOOT Record number of blows required for one foot of penetration. 
If 50 blows result in less than one foot of penetiation, record depth 
penetrated; thus, 507.4 indicates 0.4 foot penetrated with 50 blows, 
extrapolated as 125 blows/foot. 
CLASSIFICATION Describe soil type, with emphasis on inplace condition. Include 
AND DESCRIPTION Unilied Soil Classification symbol. EXAMPLE; POORLY GRADED 
SAND. 95% predominantly medium sand, 5% nonplastic fines. 125) 
max size L/4 inch, firm, moist, gray, uncemented (SP) 
PENETRATION Plot, as shown at vight. Actual values @, extrapolated values at 50, 
RESISTANCE open circle with extrapolated value 1250 
FEATURE__Clark Canyon Dam PROJECT Hast Bench Unit STATE__Nontana HOLE NO. PR- 84-11 _ 
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ACCU UL ne Nee ooo Eee ae 
SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 
Feature Clark Canyon Dain ____ Project ___ Ease Bench Unit > 90 Stale Montana _ 
Hole No. PR- 84-11 2 Coordinates N. 26, 350. 1 __ KW 14,228.2  Gyound Elevation __ 5455. ae = 
\ 
BE WET See Notes __ Location @pprox. 500' D/S Sta. 24450 al (tie 
*Dale Measured See Notes Dale Begun__8-28-84 Finished __9- 26-84 ___ Logged by_Parish ______ Approved by ——._— 
As aes) UE 
Water losses, type and size | \,, ce Eo oe Weisht el Hanmer cee Tk, CLASSIFICATION ANO 
of hole, drilling method | c= Sere) fenite. || eS) [eae Bars DESCRIPTION OF MATERIAL 
and conditions, Caving ra) Zo} O- o eight of Drop ae thing ESCR JN OF MATER} 
and other information | Ba tt 10 20, “ae © ee en aN 
RMIT cca, aT 
4 Casing “| ia 
Depth bate alla} - 
0-14,3" 8-28-84 {_ O) AE 4" Steel (Casing 
14.3-19.0' 8-29-84f ay, oF } 
19.0-30.0" 9-08-84 Aw a 
Pulled 4" casing Se 10_f- a} |-4 E : 
9-10-84. Grouted 1A On 
in 4" casing from a iv 
0 to 10’. = 1a A 
z.\ ne 
Nw Casing ye i Conktrete 
Depth Date |— 20-\n. “A 
O-10.0"' 9-12-84 IN| Wace 
10.0-31.4" 9-23-84} emi |e 
31.4-37.0' 9-24-84) Age fe 
Pulled Nw Y~ 26-84 A “O 
casing» “Al la. 
—|—-— —} 30-447} ||} —-+-—]-— —— 
PROGRESS RECORD C “al la: i 
tales TENG) Yr a ala 
0=14.0! 8-28-84 ral la: 
14,0-22.0' 8-29-84f Ta] x: 
220-31 0" 9-08-84) ah) PC 
Grouted hole and oe z 40-19] [val aspalles 
set 10' of 4" 40 «(5 
ce (A)| Slotted 1-1/2" Pvc 4L 0? - 
casing. 
0-20 Q' 9-12-84 : 46.0' Sandpaick 
20.0=32.0". 9-23-84, z 47.0! 
32.0-39.4' 9-24-84 
SOMO O-2o OG eee ee | 5Ge Z oe eats : 
Completed Hole i 
9-26-84) 
PIEZOME TER 
Set 1-1/2" 1.D, Pvc 
from 0 to 46.0'. ee ee eee) (robe ba mr 4 ea A el Ee ee SIRE wets 
Pipe slotted from 
KOe0) to: 41.07% 
Hole sandpacked 
from 47.0 to 40.5'.f 
Hole concreted 
from 40.5 to near 70— = = x 
top of 4" casing. j 
WATER LEVELS Bi 
‘Taken during f 1 
drilling operation fF 
and may not be = eo ae | 3 
stable. E 
Depth Date | 
Zig" 8-29-84)- S 
tent 9-08-84 
Lay 9-24-84 
| 90 = A ae | 2 
0 10 20 30 
EXPLANATION 
BLOWS/FOOT Record number of blows required for one foot of penetration. 
If 50 blows tesull in less than one foot of penetration, record depth 
penetrated; thus, 50/.4 indicates 0.4 foot penetrated with 50 blows, 
extrapolated as 125 blows/foot 
CLASSIFICATION Describe soil type, with emphasis on inplace condition. Inelude 
AND DESCRIPTION Unified Soil Classification symbol. EXAMPLE: POORLY GRADED 
SAND. 95% predominantly medium sand, 5% nonplastic fines, 
max size 1/4 inch, firm, moist, gray, incemented (SP) 
PENETRATION Plot, as shown at tight. Actual values @, extrapolated values at 50, 
RESISTANCE open circle with extrapolated valne 1250 
FEATURE Clark Canyon Dam PROJECT Hast Bench Unit STATE Montana ___ HOLE NO) PRS4=11 ate 
Sheet 2 or-.2 GPO P3A.n02 
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17-1337 (9-69) 


Bursaulof Reclamation aro en4-401 GEOLOGIC LOG OF DRILL HOLE SHEETS; cue CRY A t..3 


FEATURED, 7c CearkeGanyon Dam, .b...,,)aceenes PROJEGTO pooG Bench uote eee dene ewes STATERMOMGAMAN nce. cecal 
OCATION, 2PPEOX: 520'D/S Sta. 24+50 5455.8 B. 
HOLE Mo. . Dil, B57 LADEN Hn: 265 965025 in EL 240 GROUND BLE Ye et ee rns DIP (ANGLE FROM HORIZ.)... .29...........- 
1M 2Q0945 2.0, AW 4 e2ade ? coat 
pecun. 1072-84. |. einisnep. .2739789... DEPTH OF OVERBURDEN............. pertH...10.4'.. BEARING....... Ae baer 


DEPTH AND ELEY. OF WATER : 
LEVEL AND DATE MEASURED. . .S°° .20CeS below 


NOTES ON WATER 
LOSSES AND LEVELS, 
CASING, CEMENTING, 
CAVING, AND OTHER 
DRILLING CONDITIONS 


DEPTH 
(FEET) 
FROM 
(P, Ce To 
or Cm) 


CLASSIFICATION AND 
PHYSICAL CONDITION 


CORE 
RECOVERY 
GRAPHIC 
LOG 
TESTING 


DRILL RIG | PTL 


Failing 1500 truck4—4 


0.0-5.6' CLAYEY GRAVEL: approx. 50% 
mounted. OS 


ma fine to coarse, hard, subangular 


5450.2 


* gravel; approx. 35% fine to coarse, 
ng 


5445.4 


DRILLER 


hard sand; approx. 15% low plasticity 
fines; gray to dark gray; moist; 
J. McLaughlin moderate to strong HCl reaction. (Gc) 


MEOHOD 5.6-10.4' SILTY SAND: approx. 85% 


} predominantly fine to medium sand; 


3-7/8-inch rockbit 
from 0 to 5.7' and 
piston-type 
Butter's Sampler 
fromGsl tons. 4, 
7.5 to 9.2, and 
Ongeto WOu4": 
Fishtailed from 
(ees. ato 
clean hole. 

NOTE: Setup on 
hole and drilled 
to 5.7' during 
October of 1984. 
During May of 1985 
setup on old hole, 
cleaned hole and 
took samples. 


approx. 15% nonplastic fines; organic; 
gray to dark gray; moist; soft; 
moderate to strong HCl reaction.. (SM) 


Took three piston-type Butter's samples 
reretoynt (adh (exo) Wate io) (c@) SiarA, Elta 

9.2 to 10.4'. Moisture contents in 
percentage are as follows: 


Posmifqils «Splat 
olla 7 a. Nase 
LOS-OS4 1s 437% 


CASING RECORD 
Depth Date 

0-6.0' 10-3-84 
pulled 5-30-85 


PROGRESS RECORD 
Depth Date 
setup 10-2-84 
O= 57 10-3-84 
Dana. 5) 5b=30=85 
hole 5-30-85 


completion 


HOLE COMPLETION 
Pulled casing and 
grouted hole from 


0 to 10.4'. 


DRILLER'S COMNENTS 
Butter's sampler 
wouldn't penetrate } 
below 10.4'. No 

water levels taken 


EXPLANATION 


cee eee ea eee ey Dom Diamond, M = Hayatellite, S = Shot, C # Churn 
nie ple See eee ee ee ee Pom Pockar, Cm = Comented, Ce = Bottom of cosing KS 
Approx. aixe of hole (X-series).- Ex = 1-1/2", Ax = 1-7/0", Bx = 2-3/8", Nx #3 fs 
Approx. size of core (X-series) - . Ex = 7/8" fe Ax = 1-1/8", Bx = 1-5/8", Nx — 2-1/8" 
Outalde dia, of ce sor Ex = 1-13/16 , Ax 2-1/4 re Bx = 2-7/0", Nx = 3.1/2 
Inside div. of casing (X-series). Ex = 1-1/2", 9 Ax = 1-29/32", Bx = 2-3/6"", Hx =3 


FEATURE... Chark Canyon Dam ||. ........... pRovectTEast Bench. Wnit state. .MT....... sHeet ..oF..}. HOLE NO. DH 85-1IA.... 
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7-13.37 (9-69) 


Bivedh ut eases aro e0-401 GEOLOGIC LOG OF DRILL HOLE SHEET Ahi OR scone 


FEATURE clark, Canyon Dam oo... 5 eae dae project... 228 Bench Unit vec ee esas state... Montana |... 
DH 84-12 LOCATION. approx: .8! US. Sta, .17400.. 5579.62 Vertical 
HOWE INO. os cis cae a CoorDS. W258 9103 EKO aS ee OC NSE Wis) fade faite tayictavolavavetatetets DIP (ANGER THROM PORIZ o).trisussscensnarecise! als) sitalls fe 
9-21-84 9-25-84 OTA oh) 
BEGUN). 26.5 0 oes tls IRISH DE ice ctetere ne ayers DEPTH OF OVERBURDEN ............. DEP witstenivers terete VEYA (Cheat Gar. St ech Gch ECRDLOLO ICR CROIOLECR CRCRCRG 


DEPTH AND ELEV. OF WATER See Note: Paris 
LEVEL AND DATE MEASURED..... Cer Teh Ape en LOGGED BY eet ee cee LOGIREVIEWEDIBY. ccc cules os class 


CAVING, AND OTHER 
DRILLING CONDITIONS 


Lo 
" MOTES ON WATER. us ea Pra vu 
OSSES AND LEVELS, or oy = 
3, CE ° (FEET) rr 4 CLASSIFICATION AND 
CASING, CEMENTING, Hs w <5 PHYSICAL CONDITION 
0 


SAMPLES FOR 
TESTING 


| # RECOVERY 


DRILL 
Portadrill 


NOTE: Material logped from rockhil 


cuttings and the trimmings of 5" thin 


wall push tubes. 


DRLLLER 


as 


Larry Thomas a a 5570.6 EMBANKMEN'T 

ce Samer 0.0-0.3' Asphalt: Black, crumbly. 
METHOD Bes -9.0' Gravely Sand: Approx. S574 
Drilled 0 to 119.5! See ® to coarse, hard sand; approx. 35% 
using 7-7/8" rock- A " ‘oS subangular to subrounded, hard, fine 
bit with air to eee to coarse gravel; approx. 10% non 
remove cuttings. . ca plastic fines; loose; moist; brown 
Drove 8" [.D. 4y°. (SP-SM) 
casing aud drilled AO. 9.0-65.0' Clayey Sand: Approx. 60 
inside casing “AO fine to coarse, hard sand; approx. 15% 
except in bedrock. vr fine to coarse, hard, subangular to 
Drilled "open hold' Nee j subrounded gravel; scattered small 
after driving casin ay cobbles; approx. 25% low plasticity 
into top of bed- (\.0N" fines; moist; compact; brown. (SC) 


Gockes Look, 51! 
thinwall push tube 
samples at 

selected intervals. 
Set porous tube 
piezometers in 
selected zones. 


aes 


sand: Approx. 85% 


and; approx. 15% nonplastic 
, | 


fines; saturated; runny; brown. (SM) 
69.8-87.5' Silty Sand: Approx. 


gry 
5) 


fine to coarse, hard sand; approx. 


CASING RECORD 
Used 8" I.D. casing 
to prevent caving 
and help alleviate 
fracturing within 
the embankment. 
All casing was 
pulled during 
installation of 
plezometers 


fine to coarse, hard, subangular to 


subrounded gravel; approx. 20% very 


low plasticity fines; moist; brown. 
(SM-SC) 
87.5-93.4' Sand: Approx. 90% Fine 


sand; approx. LOZ nonplastic fines; 
saturated; soft to runny; brown. 
(SP-SM) 

93.4-100.5' Silty Sand: Approx. 607 


Cine to coarse, hard sand; approx. 20% 


fine to coarse, hard, subangular to 


Depth Date 5514.d65.0 subrounded pravel; approx. 20% non- 
0-66. 1' 9-21-84 plastic fines; wet; brown. (SM) 


100. I= LO6.7 } 


5509. 8|69.8 (/ im to coarse, hard, subangular to sub- 


bo. L- 
109.0'* 


Gravel: Approx. 70% fine 
9-22-84 


yn 


rounded gravel; approx. 4 fine to 


coarse, hard sand; approx. 5% non- 


PROGRESS RECORD 


plastic fines; loose; saturated; 


contains many red quartzite fragments. 
(GP) 


68.1-119.5' 9-22-84 
Set piezometers and 


manhole cover 9-24 
and 9-25-84. 


weathered and reddish near top, grading 


PLEZOMETERS 

Set piezometer (A) 
at 118.4'. Note: 
While pulling rods 
from hole, the 
bottom 5' rod and 
the 7-7/8" rockbit 
unscrewed and were 
left at the bottom 


to medium gray at depth. Apparently 


yt 


severely fractured, because up to 


diameter angular fragments were being 
blown from the hole while cleaning it 


vie 
5486.2 


out at 119.5’. Weavist water producer 
of any of the zones encountered in the 


Portadrill holes. Driller measured 


about 45 gpm discharge while blowing 
out the hole at 119.5'. The water 


EXPLANATION 
*Alluvial contact probably lies at approx. 
82.0'. (Embankment material from &5.0 to 
82.0'4+ was wet to saturated and appeared 


Type of hole... eeceeseee s+ Dm Dinmond, H = Hoystellive, § = Shot, C = Churn pee esate Ie eeren ehomoveulyine 
Hole sealed 66.0 e eee ee ee Pom Packer, Cm ow Seber Cs = Bottom of casing P embankment in the field.) Conglomerate 
A . ol f hole (X-serl +E 1-1/2", Ax = 1-7/8", Bx = 2-3/8'', Nx = 3" . ‘ ¢ Nop sl 

eet acneheon ae ate eee, ee tee we pier Contact assumed at 100.5 

Outside dia. of a aly tos), Ex = 1-13/16", Ax = 2-1/4", Bue 2-7/0", Nx = 3.1/2 

Inside dia. of casing (X-series). . Ex © 1-1/2", = Ax = 1-29/32", Bx = 2-3/8", Nx = 3 
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7-1337 (9-69) 
Bureau of Reclamation 


reature. Clark Canyon Dam ||. |, ae fotos Pbastepenche Unde. nie 
. 17+0 
DH 84-12 LocaTion PBF Ox. 8" U/5. Sta, 5579.62 
HOLEIND naire sveleicreren coorps. 25, 491. 3) Ae Xe We Sick 935, 5GROUND ELEY. .. BS a Da0 
BEGUN 2 24784 |. . FinisHeED. 9-25-84. ADEPTHIDFIOVERBURDEN-<.c 0000000 0+ DEPTH. . 19, 
DEPTH AND ELEY, OF WATE S 
EEVEL AND DATE MEASURED. 9€& Notes wl, uoccen By.. Parish ........... 
be ° 
NOTES ON WATER. wt Sahai y |&e 
LOSSES AND LEVELS, To | uz 
CASING, CEMENTING, $3 (SEEM) Bo |b 
CAVING, AND OTHER i Pe 
DRILLING CONDITIONS © & {ar 
ww 


of the hole. The 
lower sandpack was 
extended to 
completely encase 
them and piezometer 
(A). The sandpack 
fills the hole from 
LOS eto Ti2 2" . 
Hlole filled with 
bentonite balls 
Bom) W2,.2\ to 
94.1". Set 
piezometer (B) at 
93.7'. Sandpacked 
hole from 94.1' to 
85.3'. Filled 

hole with bentonite 
balls from &5.3' to 
78.0'. Set 
piezometer (C) at 
74.2'. Sandpacked 
hole from 78.0' to 
70,6". Filled hole 
with bentonite 
balls from 7U.5' to 
Bains eset 


piezometer (D) at 
SUMO 
hole from 
46.0', 
with 


Sandpacked 
53.4' to 
Filled hole 
bentonite 
balls from 46.0' to 
40.4'. Filled hole 
with conerete from 
40.4" to 8.0'. Set 
drain sleeves 
around piezometer 
pipes and filled 
sand from 8.0' to 
3.0'. Filled hole 
with concrete from 
3..0!' to 0' and set 
manhole cover 
the plezometer 
pipes. 


over 


SAMPLING 

5" diameter thinwall 
samples were 
completed at depths 
Sitecon lb to’ 6B i" 
Dono eto) 70.45" 
and 8953" to 92.07’: 
Attempts were made 
to push tubes at 
B0.5", 60.5", and 
80.5', Where 
sufficlent material 
was retined in the 


2 of hole. 
ansecled ..- 


woke ve size of hols (X- conics 
Appron. size of core (X-series) - 
Qutalds dio. of costing (X- Sariwnly Es 
Ineide dic. of casing (X-seriee)- 


Clark Canyon Dain 


iret a Onur ate 


FEATURE..... 


GPO 884-401 


Ex = 1-1/2", 


GEOLOGIC LOG OF DRILL HOLE 


| SAND 
(A) 1L6.4-4L18. 
119.5 


EXPLANATION 


.D & Diamend, H = Hoyatellite, § = Shot, C = Churn 
5 ~P = Pocker, Cm » Cemented, 


es = I- ine 
Sih 13/16", 


Cs = Bottom of casing 
at Jey 
Axe 1-1/8'", 
Ax = 2-1/4", 
Ax = 1-29/32", 
. Prosect . Hast, Taree , Montana, 
r \ 
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. DIP (ANGLE FROM HoRiz.)... Yerbical. oo... 
DIED ee METAR NGAI TR Teele ts afr ovate Nah sorrt Patella ede 
1 (EOG REVIEWED BY. ire ccc ete le ee ae 
CLASSIFICATION AND 
PHYSICAL CONDITION 
quantityincreased with depth in th 
limestone. 
Elevations of top of piezometer 
pi pes: 
A: 5579.0 
B: 5579.1 
C: spy) Al 
DE SD Giz 
i= 
.. SHEET .2..0F.2.. HOLE NO, PN 84-12 
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7-1337 (9-69) 


Bureau of Reclamation aro ea4-401 GEOLOGIC LOG OF DRILL HOLE 


FEATURE..... Clark, Canyon, Dan, bo Sue ere enRoeeMas Pane, Bench, Unde... coke d- Gaye es ANe 
s prox. B' U 
«Trove wollt 84-12 LocaTioAre : eh ote! Cae 
: COORDS. wm. .29549103 Aon 
pecun .2.2)-84 ... einisHen. 2729784... . pepTH OF OVERBURDEN peptH..119:5!., 


GES See Notes 


Brean AND ELEY. aris 
LEVEL DATE MEASURED.» 2... tte ee cee ME LOGGED! BY crete celeie eccdnls: soe elt sins ive ns 


L AND 


NOTES OW WATER TYP -—~ 
LOSSES AMD LEVELS, AND DEPTH 
CASING, CEMENTING, SIZE (FEET) 
CAVING, AND OTHER OF ee 
DRILLING CONDITIONS jHOLE FROM 


CLASSIFICATION AND 
PHYSICAL CONDITION 


GRAPHIC 
LOG 
SAMPLES FOR 
TESTING 


| 


push tubes, sack 
samples were 
collected. 


PRIMARY WATER 


PRODUCING ZONES 


NOTED DURING 

DRILLING 

1. Silty Sand from 
65,0' to 69.8', 

2. Sand from 87.5' 
to 93.4! 

3. Gravel from 
100.5' to L06.7' 
Driller 
measured approx. 
15 gpm from hole 
cleanout. 

4. Limestone from 
NOG Cor Lug 5) 
By far the most 
water encoun= 

tered in any of 

the Portadrill 
holes. Driller 
measured approx. 

45 gpm from 

hole cleanout 

gies, AIO) Sie 


WATER LEVELS 
Une water level 
was taken during 
drilling operat tons}. 
The casing was set 
into the top of 
the limestone at 
the time. 

Depth Date 
: 9-24-84 


EXPLANATION 


wofhole. see ee eee eens D = Diamond, H = Hayatellite, § = Shot, C = Churn 

are seoled .. . Pom Pockar, Cn = Comented, Ce = Bottom of casing 
aba aixo of hole (% Bx = 2-3/0'', Nx = 3" 
Approm, size of corm (X Bx = 1-5/8", Mx — 2-1/8" 
Outelde dig, of casing - Bx = 2-7/8'', Nx = 3-1/2" 
Inside dia. of casing (X-ser EX 1- 1/2", Ax = 1- 29/32", Bx = 2-3/8"", Nx = 3" 
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T-1994 (8-71) 
Bureau of Reclamation 


Sheet | o 


SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 


Clark Canyon Dam 


Fealure Bast Bench Unit 


_. Project ie 


Hole No, PR- 84-13 


Depth and Eley. 
of Water Level* See Notes 


Coordinates N. 25, 730+ sss RX_W. 13, 690+ 


.. Location. approx..325! D/S Sta. 16450 


10- 30-84 


Finished 24-2-84 _ 


PENETRATION RESISTANCE 
Blows per Fool 

140 _ 

mee ES 


ve Jotes 
*Dale Measured See Notes Date Begun 


NOTES 
Waler losses, lype and size 
of hole, drilling method 
and conditions, Caving 
and other information a a 


Weight of Hammer __ 


WATER 
CONTENT~% 


Height of Drop 


SAMPLES 
FOR TESTING 


___— Logged by_ 


{hs 


<= tisk 


DRILL =, j 
Failing 1500 truck-f /. ‘9 
mounted, y 


DRILLER 
J. MHeLaugulin 


MuCHOD 

Set up and blocked 
rig for Butter's 
sampling. Drilled 
with 3-7/8" rockbit}- 
EOm oie look i 
Butter's sample i 
SWE {elon Sieh el me 
slipped and | 
pusned part of 
sample out of tube. 
Decided to quit j 
Butter's sampling 
until warmer weather 
Drilled with 3-7/8" 
rockbit from 3.36' 
Come ae towed 

SPY at 5.5', but ont}. 
a rock. wrilled y 
Bromo borb.0) 
with 3-7/8" rockbit 
Took SPT from 6.0! 

to 7.5'. Drilled - > > —————|--—-— —- 
with 3-7/3" rockbit 
BRON, ato. dae. LL 
Yook SPT from 9,3! 
to 10.8'. Drilled 
witn 3-7/8" reckbit 
from 10.38' to 13,4’, 
Water and Revert [ 
used as drill fluid 


from 1. 
Piston 


CASING RECORD 
None used. 


PROGRESS RECORD 

Set up for Butter's 
sampling 1LO-30 and 
10-31-84. Drilled 
from 0 to 3.36" and/ 


on 11-1-84. Drilled- 
from 3.36' to 13.4'[— 
and set pilezometer 
on 11-2-84. 


2s UeSEON 76 Dis 
packed hole from 
Wes hy hho Welle als 


10 20 30 40 


** Wo reliable moisture test. 
EXPLANATION 

Record number of blows required for one foot of peuetration. 
If 50 blows result in less than one Coot of penetration, record depth 
penetrated; thus, 50/.4 indicates 0.4 foot penetrated with 50 blows, 
extrapolated as 125 blows/foot 

Describe soil type, with emphasis on inplace condition. Include 
Unified Soil Classification symbol. BXAMPLE: POORLY GRADED 
SAND, 95% predominantly medium sand, 5% nonplastie fines, 
max size 1/4 inch, firm, moist, gray, uncemented (SP) 


BLOWS/FOOT 


CLASSIFICATION 
AND DESCRIPTION 


PENETRATION Plot, as shown at right, Actual values @, extrapolated values at 50, 
RESISTANCE, open circle with extrapolated value 1250 
~ FEATURE Clark Canyon Dam PROJECT__East Bench Unit STATE__Montana 


== States — 
Ground Elevation 


_. Tolal Depth. 


Parish 


Montana 


13. 4! 


Approved by —— 


CLASSIFICATION AND 
DESCRIPTION OF MATERIAL 


NOU: 


reports. 


Hole logged from driller 


ALLUVIUM? - HOLOCENE (fan deposit) 
ONG=5 aol Silty 60 
Cine sand; 40% nonplast ic 
(SM) 


Sand: Approx. 
approx. 
brown. 


fines; moist; firm; 


5.5-9.3' Silty Sand wit 


Approx. 


x 1 Gravel: 
60% predominantly fine 
OVA 
occasional 
30% 
firms; 


sand; approx. fine to coarse 
’ 


hard pravel; cobbles 


ton ou +. 


nonplast ic 
(SM) 


approx. 
fines; moist; brown. 
CONGLOMERATE? (BEAVERUEAD FORMAL LO 
UPPER CRETACEOUS AND LOWER 
TERTIARY : 
9,3-13.4' Silty Gravel: 
502 Fine 
angular 


Approm. 


to coarse; hard, sub- 


to subrounded gravel; 


approx. 35% fine to coarse, hard 
sand; approx. 154 nonplastic 
fines; moist; loose; brown. (CM) 


GPO AIA- 002 


<= enemy ts 


A J0WATeI229 WOU AeMa 


iv, : a 
cP wae j tT ee | ’ 
felt vain : mn wT i Anata i s ba 


7 ee a mildly 


et Ny 


“7 Gh ma ea: a ve eee 
OAL3 Ao MOAR iy » Or Nee, ) 


i t fe MB etd) ads ol 
Neg OH hs : 
i ’ bak hed Same See ° - ih 
4 i : } } | | 
eel) 5 ‘a " , 
t , wz a1, ae wile Tai My 
; | te / “4 : jie’ ‘ ; 
* = oa} M / aa ee | , 
te one PH Se ae 
{ t om : 


ae oe “ai 
i | I ‘ here Cee pee here q 


{ers da 


. ie “et baled 
pant os} so ftet nhc 
: | wine 
; , deaeenud hi ie 
el ee ee 
thes | f hu te ene 6 
} \aaaa ene. | 
Pt AY. 1 web 
ge i ene 6 aad 
h , he 
i e148 emaeet. 
j f +h) Coweaieaiay 
} ' i 1 H he 
; he “4 loth ya 
; rn a “3 bolt ‘ 
| b, row 19e7Gy. bl Ga 
} I sy! ne By hott Pal , 
: : eh Thu ine 
ret { Hola f a4 
’ \ live 2 rel roo rik 
/ | ' bul wa & 
i toa + *c © meal 
| = J blah aid wiles apie 
/ yh al ee aan 
I : i ee 
fetta oes, Yat dlp 
ym " yaw) 
4 ; a} ™ cay 
} ; ) ied daw “eg of 
| : ! eh tr | Yet acre 
\ | Ua. ad day 0 Ge 
; } Devel) jnw thet 4 
i ~N i Jotul Lid) an) bho 
i i \ al 
| ious A; ea oe 
| ; | j bee gem 7 
‘ vot ini 


| | hd i a 
j Cee Tet | 701 qu g 
lege OEE) gal began 
git were rey 
hem OE.E oy j 
—~hhawen «eA v 
EL: be 
re me a 
7" Aa “— ¥ 


aaa, 


7-194 (P-715 Sheer DB ei D 
Bureau of Reelamation 


: SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 
[Feature Clark Canyon Dam _ ___ Project East Bench Unit : __*_ State __ Montana 
Hole No, PR- 84-13 Coordinates N._ 259730 XH Me 213,690% Ground Elevation 9905+ 
epth and Elev, : ie 
Detter Level® See Notes Location__approx. 325' D/S_ Sta. 16450 2S ila! Ogpties Laas es 
Migteipasiiege eee oe eee ee Fate Bogue ne eee ninished ten eC Ih. + oggediby Earish = = Approyed/by = 
= eS PENETRATION RESISTANCE 
NOTES ; tl wr QE - 2) Blows per Fool 
pa ee 2 aa He =a = 
WINES Sg did Sg se ws [aa E> | ES [Weight of Hammer 199 ib, CLASSIFICATION AND 
afnoleger sling method se ate [SE] GL | 25 |neight of Dro 30 id DESCRIPTION OF MATERIAL 
and conditions, Caving Oo = |zu0| Q~ & g POR See tt rh / 
__and other information he iS) ||" te Sok Poet bp. tego © ao. -? ‘el : 
(Hole caved shut J BEM LON ETE 
below 12.5'.) 
Filled hole with 6. 
bentonite balls 
from 6.5" to 
surface, 
NAP po any Jee 
WATER LEVELS 
Depth Date 
| 
gees alt pea = 
‘ ea Bails 2 = 
i 
10 20 30 40 
EXPLANATION 
BLOWS/FOOT Record number of blows required for one foot of penetration. 
If 50 blows result in less than one foot of penetration, record depth 
penetrated; thus, 50/.4 indicates 0.4 foot penetrated with 50 blows, 
extrapolated as 125 blows/foot 
CLASSIFICATION Describe soil type, with emphasis on ioplace condition. Include 
AND DESCRIPTION Unified Soil Classification symbol. EXAMPLE: POORLY GRADED 
SAND, 95% predominantly medium sand, 5% nonplastiec fines. 
max size 1/4 inch, firm, moist, gray, uncemented (SP) 
PENETRATION Plot, as shown at right. Actual values @, extrapolated values at 50, 
RESISTANCE open circle with extrapolated value 1250 
- FEATURE_Clark Canyon Dam PROJECT East Bench Unit STATE__Montana HOLE NO, PR- 84-12 = 
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Drive length ie 
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Project Clark Canyon Dam 
Project No. Date 352) 50> 


Driller J. McLaughlin 
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ISSIR F. Calcagno 


Tube OD Tube ID 709 


Cutting edge dia. at 
k points 


Clearance 
Ratio 


“ADVANCEMENT OF HOLE 
Casing size & depth 4.5" @4.5' 
Depth to bottom of hole i 28 

Method of advancement Bx drive 


Thickness of wash at bottom of 
hole before lowering tubéd Q 


4 
Tube lowered to 23) 
Rod size 


Comments: 


BOTTOM OF TUBE 


Condition of cutting edge - sketch 


Pliers used to repair 
cutting edge? no 


Distance from bottom of tube to: 
a) soil before trimming 0 
b) soil after trimming oad 
c) packer 0 

Type of packer plastic w/flexible o-riy 

Description of bottom cuttings 


Silty sand 
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Weight of soil: 
Wet density: 
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FIELD THIN-WALL TUBE LOG - 
STATIONARY FIXED PISTON SAMPLER 


Boring DH 85-3A 
Depth 


Sample #1 
Did to 6.8 
Penetration L522! 


Recovery - Gross 1.42' 
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Total penetration iL SP 


Hydraulic pressure _90 psi to = 


100 psi at end. 


Rate of penetration 


Mvmt of act rods during push 0 


Comments on push: 


Mvmt of act rods after release 
Mvmt of act rods supports 
Method for lifting tube initial 

2 Pte hydraulic 


Comments: Sheared bottom with two 
manual turns. 


TOP OF TUBE 


Dist from tube bottom to piston g 


Distance from top of tube to: 


a) Slurd above soxzl —.1..00% 


b) soil before trimming 1-.65:' 


¢) soil after tzrimming Lewd: 
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Type of packer _ plastic with flexible 
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FIELD THIN-WALL TUBE LOG - 
STATIONARY FIXED PISTON SAMPLER 


Project Clark Canyon Dam 


Project No. Date 5-21-65 


Boring DH 85-3A Sample #2 


Driller J. McLaughlin 
Geologist 


I F. Calcagno 


Depth 6.8 to 8.3 


53) 


Penetration 


Recovery - Gross 
Tube OD mube Lp) 70 
Cutting edge dia. at Clearance 


! 
“oesbaee aoeie Length of testable sample ag) 


(trimmed) 


‘ADVANCEMENT OF HOLE 


PENETRATION & REMOVAL OF SAMPLER 


Gasing size & depth 4.5" @ 4.5! Penetration from weight of rods 0-01' 


Depth to bottom of hole 6.8 Total penetration Nays 


Method of advancement 2-15/716" rock bit Hydraulic pressure 50 psi and 


Thickness of wash at bottom of 
hole before lowering tubéd 0 


ended at 100 psi. 


Rate of penetration 


Tube lowered to - 
Fé Mvmt of act rods during push 0 

Rod size 

Comments on push: 

Comments: 


BOTTOM OF TUBE 


Mvmt of act rods after release 0 


Condition of cutting edge - sketch Mvmt of act rods supports 0 


Method for lifting tube initial 
2 ft hydraulic 


Comments: Sheared bottom with two 
manual turns. 


Pliers used to repair TOP OF TUBE 
cutting edge? no 


Dist from tube bottom to piston 
Distance from bottom of tube to: Distance from top of tube to: 


a) soil before trimming 0 a) fluid above soil 0). 3% 
S) soillafter trimming O40" b) soil before trimming Pons 


c) packer 0 ¢c) soil after trimming a 
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Type of packer plastic w/flexible o-ring d) packer Tee 


eee 


Description of bottom cuttings Type of packer plastic with flexible 


o-ring. 
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GENERAL !'IOTES: 


Weight of Tsort: Gr57 “Ebs: 


Wet y: 116.6 


Dry density: 95.6 
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Project Clark Canyon Dam 
Project No. 


Driller 


RIRHE 


Tube OD 


Date 


py CN) 


J. McLaughlin 


F. Calcagno 


Tube ID 733 
Cutting edge dia. at 
4 points 


Clearance 
Ratio 


‘ADVANCEMENT OF HOLE 

, 4.5" @ 21.5! 
2220 
Method of advancement 2-15/16" rock bit 


Casing size & depth 


Depth to bottom of hole 


Thickness of wash at bottom of 
hole before lowering tubéd 


Tube lowered to 220) 
Rod size 


Comments: 


BOTTOM OF TUBE 


Condition of cutting edge - sketch 


Pliers used to repair 
cutting edge? 


Distance from bottom of tube to: 
a) 


b) 


soil before trimming 

soil after trimming 
c) packer 

Type of packer 


Description of bottom cuttings 


GENERAL !JOTES: : ; 
rc = Soil interval sampled was 
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FIELD THIN-WALL TUBE LOG - 
STATIONARY FIXED PISTON SAMPLER 


Sheet 3 of 3 


Boring DH 85-3A Sample #3 

Depth 22.0 kb 23.1 

Penetration tral 

Recovery - Gross 9 ’ 
Net 0 


Length of testable sample 


PENETRATION & 


REMOVAL OF SAMPLER 
Penetration from weight of rods 
Total penetration eta 

Hydraulic pressure 100 psi to 

200 psi at end. 


Rate of penetration 


Mvmt of act rods curing push 


Comments on push: 


Mvmt of act rods after release 


0 
0 


Mvmt of act rods supports 


Method for lifting tube initial 
Qe = 


Comments: 


NORSORSSUBE 


Dist from tube bottom to piston 


Distance from top of tube to: 


a) fluid above soil 


b) soil before trimming 
é) 


dq) 


soil after trimming 


packer 
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Type of packer 
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Project . Clark Canyon Dam 
7-24-85 


Project No. Date 


J. McLaughlin 


I E F. Calcagno 


Driller 


Tube OD Tube ID 728 


Cutting edge dia. at 
k points 


Clearance 
Ratio 0 
“ADVANCEMENT OF HOLE 

AY @n6)2" 
Depth to bottom of hole 6.6 


Casing size & depth 


Method of advancement 3-7/8" rock bit 


Thickness of wash at bottom of 
hole before lowering tubd 0 


Tube iowered to 


Rod size 


Comments: 


BOTTOM OF TUBE 


Condition of cutting edge - sketch 


Pliers used to repair 


cutting edge? no 


Distance from bottom of tube to: 
a) soil before trimming 0.25 
b) soil after trimming 0.27 


c) packer 0 


Type of packer plastic w/flex. "0" ring 


Description of bottom cuttings 
silty sand (fne to medium sand) 


GENERAL tHIOTES: 


Weight of soil: 2.31 lbs. 
Wet density: 114.9 
Dry density: 97.2 


an GROTECHNICAL ENGINEERS INC 


STATIONARY FIXED PISTON SAMPLER 


Sheet 1 of 4 


FIELD THIN-WALL TUBE LOG - 


Boring PR 85-3B Sample #1 


Depth 6.6 to Taik 
0.5 


Gross 0.5 


Penetration 


Recovery - 


Net 
0.46 


Length of testable sample 


PENETRATION & 


REMOVAL OF SAMPLER 
Penetration from weight of rods 
O25 


Hydraulic pressure started at 80 and 


Total penetration 


stopped at 200 psi 


Rate of penetration Constant during 
push. 


Mvmt of act rods curing push 0 


Comments on push: Material very hard 
to push. Also, locking mechanism on 
inner rod locked on shaft after 0.5' of 
push. Same happened in previous attempt 


Mvmt of act rods after release QO 


Mvmt of act rods supports 0 


Method for lifting tube initial 
2 Ef hydraulic 


Comments: Sheared bottom with two 
Manual turns. 


TOP OF TUBE 


Dist from tube bottom to piston 0 
Distance from top of tube to: 

a) fluid above soil bh 

b)) seid before trimming .2.25:' 


e) soil after trimming Pe Tha 


da) packer Draputat 


Type of packer plastic with flexible 
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Project Clark Canyon Dam 
Date 7-24-85 


Project No. 


Driller J. McLaughlin 
Geologist 
ECE CEN: F. Calcagno 


Tube OD Tube ID 706 


Cutting edge dia. at 
4 points 


Clearance 
Ratiowe0 


“ ADVANCEMENT OF HOLE 
4" @ 6.2' 
orl: 


Casing size & depth 
Depth to bottom of hole 
prevs 


Method of advancement butter 


Thickness of wash at bottom of 
hole before lowering tubéd 


Tube lowered to 
Rod size 


Comments : 


BOTTOM OF TUBE 


Condition of cutting edge ~- sketch 


Pliers used to repair 
cutting edge? No 


Distance from bottom of tube to: 
a) soil before trimming 0 
by) soil after trimming Oo43" 
c) packer 

Type of packer plastic w/flex. "0" ring 


Description of bottom cuttings 
silty sand 


GENERAL tiOTES: 


Weight of soil: 


4.48 lbs. 
107.9 


93.6 


Wet density: 
Dry density: 


eT GROTECUNICAL ENGINEERS INC 


FIELD THIN-WALL TUBE LOG - 
STATIONARY FIXED PISTON SAMPLER 


Sheet 2 of 4 


Boring PR 85-3B 
Depth 


Sample #2 
9.0 


Yok to 
1.9 


Penetration 


Gross 1.9 


a9 


Recovery - 


Net 


Length of testable sample 0.95 


PENETRATION & REMOVAL OF SAMPLER 


Penetration from weight of rods 
Total penetration 1.9 

Hydraulic pressure start at 80 to 
180 psi at end 


Rate of penetration 


Mvmt of act rods curing push 


Comments on push: 


good 


Mvmt of act rods after release 


Mvmt of act rods supports 


Method for lifting tube initial 
Pe sei2 hydraulic 
Comments: 


Sheared bottom with two 


TOP OF TUBE 


Dist from tube bottom to piston 0 
Distance from top of tube to: 

ONS! 

i ed 
1.92! 


eS 


a) fluid above soil 
b) soil before trimming 
¢) soil after trimming 


bor 


nnd 


Type of packer _plastic with flexible — 
No" ring. 


d) packer 


an se ee 
| HOxRAne | ae mad aoyaed ¥i5f2 258) 
"LUE | ee ON OM 200 


i: ta itgae tom ot 


2h et NNR 4 9 


n , ' ~ we 4 ’ 
tts } edgool ay 4 
% i sielilinshaibidiil pipet = ei Rink eee clones i 
i Ce a en rey 
4 pet lhe ain mn Sskittomends ee et a ne 


} Pek ate oS. Oe Df He abc) Magy 


235 Ge 
ty —nldpey ramen ltbepaattionn mm 


Slamavbinibentniay Sememndliiatiteeei a ieee, Gaeta ade ee 
my Recn oem end Aen egg eee 


H ay 4 7 1 sy to pi, 
| pore te i ‘a Misa 
at gate 0 te 


AS yt ~h Sah 


ert bosewol 
exile 6 
nm 


ey, 
{2 emt? 
7% 


A Ot taney sims 
ee ey ee 


 T3try 40) ine a 
= vata A ara) iS 


: J, LING 
7 phe polvgey De AOleee 


, 


“ 


ot |) wisgex 93 Bey, mamese 
oH Sopke palzsus 


Tests fioe (9 a 
_ taxeag (Bo 


Sheet 3 of 4 


FIELD THIN-WALL TUBE LOG - 
STATIONARY FIXED PISTON SAMPLER 


Project Clark Canyon Dam 


Project No. Date 7-25-65) 


Driller Jie McLaughlin 
Geotosist 
TAS PeBsraxr F. Calcagno 


Boring PR 85-3B Sample #3 
Depth 


18.0 to 19.8 
1.8 
Recovery - Gross 1.8 
1.8 
Length of testable sample 


Penetration 


Tube OD Tube ID 720 
a aaa ar err nara Net 


Cutting edge dia. at Clearance 
k points Ratio 0 


“ADVANCEMENT OF HOLE PENETRATION & REMOVAL OF SAMPLER 


Casing size & depth 4" @ 18.0' 


Penetration from weight of rods 0 


Depth to bottom of hole 18.0 Total penetration 1.8 


Method of advancement 3-7/8" rock bit Hydraulic pressure from 100 to 


Thickness of wash at bottom of 
hole before lowering tubéd 0 


200 psi at end. 


Rate of penetration 


Tube lowered to 18.0 


Mvmt of act rods Curing push 
Rod size 


Comments on push: 
Comments: 


good 


BOTTOM OF TUBE 


Mvmt of act rods after release 


Condition of cutting edge - sketch 


4vmt of act rods supports 


Method for lifting tube initial 
2t&t hydraulic 


Comments: Sheared bottom with two 


had to file edge 
manual turns. 


smooth 
b 


Pliers used to repair TOP OF TUBE 
cutting edge? 


Dist from tube bottom to piston 0 


Distance from bottom of tube to: Distance from top of tube to: 


a) soil before trimming a) fluid above soil 0.6' 


b) soil after trimming . bi) Ssorlebetore terimming 11.42! 


c) packer 0 6) Ssonltettertcsimming 1935! 


Type of packer plastic w/flex. "0" ring d) packer ey a 


TT 


Neen eee eee eee ncn ee cc eee Enea 


Description of bottom cuttings silty Type of packer plastic with flexible 


sand (sand is fine to medium) "Olnming 


GENERAL 'OTES: 
Weight of soil: 9.34' 


Wet density: 137.9 
Dry density: 111.3 
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Project Clark Canyon Dam 


Project No. Date 


4=25=69 
Driller J. McLaughlin 

Geologist : 
Trepectocx F. Calcagno 


Tube OD Tube ID 703 


Cutting edge dia. at 
4 points 


Clearance 
Ratio__0 
“ADVANCEMENT OF HOLE 
Casing size & depth 4iy@ aero 
Depth to bottom of hole 19.8' 
Method of advancement Prev. Butter 


Thickness of wash at bottom of 
hole before lowering tubd 0 


Tube lowered to 19.8 
Rod size 


Comments: 


BOTTOM OF TUBE 


Condition of cutting edge - sketch 


Pliers used to repair 
cutting edge? No 


Distance from bottom of tube to: 
a) soil before trimming 
b) soil after trimming 


c) packer 


ED 


Type of packer plastic w/flex. "0" ring 


Description of bottom cuttings 


Silty sand (fine to medium sand) 


GENERAL tIOTES: 


Weight of soil: 10.71 
Wet density: 124.4 
Dry density: 105.3 


Gin GROTECIHNICAL EXGINEENS INC 


Lipa’ if 


Sheet 4 of 4 


FIELD THIN-WALL TUBE LOG - 
STATIONARY FIXED PISTON SAMPLER 


Boring PR 85-3B 


Sample #4 
Depth 19.8 to 21.9 


Penetration Dwi 


Recovery - Gross 2.1 


Net 7 ee 


Length of testable sample 1.87" 


PENETRATION & REMOVAL OF SAMPLER 
Penetration from weight of rods Q 


Total penetration 0 


Hydraulic pressure started with 50 


to 240 psi at end. 


Rate of penetration 


Mvmt of act rods curing push 


Comments on push: poed 


Mvmt of act rods after release 
Mvmt of act rods supports 


Method for lifting tube initial 
2) Et hydraulic 


Comments: sheared bottom with two 


manual turns. 


TOP OF TUBE 


Dist, fcom, tube: bottom. to, pisitton. 0 
Distance from top of tube to: 
a) fluid above soil 0.2! 
b) soil before trimming 0.9' 


¢c) soil after trimming Q,9]' 


d) packer 0.86' 


Type of packer _ plastic with flexible 
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FIELD THIN-WALL TUBE LOG - 
STATIONARY FIXED PISTON SAMPLER 


Boring DH 85-11A Sample #1 
Depth 6.1 to Wels 


Project Clark Canyon Dam 


Project No. Date 5-30-85 


Driller J. McLaughlin 
Geologist 
TRSPeEcwaxr F. Calcagno 


Penetration 1¢.3 


Recovery - Gross 13 


3 
Length of testable sample 


Tube OD Tube ID 704 


Net 


Cutting edge dia. at Clearance 
k points Ratio 0 


“ADVANCEMENT OF HOLE PENETRATION & 


REMOVAL OF SAMPLER 


Casing size & depth 4.5" @5.1' Penetration from weight of rods Q 


Depth to bottom of hole od! Total penetration 3 


Method of advancement 3-7/8" rock bit Hydraulic pressure _ 95 psi constant 
Thickness of wash at bottom of 


Blt tubd - 
hole before lowering Rate of penetration 


iowered to ; 
a +O Mvmt of act rods curing push 
Rod size 
Comments on push: 


as - good 


BOTTOM OF TUBE Mvmt of act rods after release 


0 


Method for lifting tube initial 
A jane hydraulic 


Condition of cutting edge - sketch Mvmt of act rods supports 


CommentS: sheared bottom with two 


manual turns. 
Pliers used to repair TOP OF TUBE 

cutting edge? No 
Dist from tube bottom to piston 
Distance from bottom of tube to: Distance from top of tube to: 


a) soil before trimming a) fluid above soil 0.92 


b) soil after trimming : b) soil before trimming 1.80' 


c) packer One c) soil after trimming 1,83! 


Type of packer plastic w/flexible O-ring d) packer en Ee Ls 


Description of bottom cuttings Type of packer plastic with flexible 


silty sand 


"O"-rin 
a eS 


GENERAL NOTES: 
Weight of soil: 5.29 lbs. 
Wet density: 113.1 
Dry density: 74.4 
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FIELD THIN-WALL TUBE LOG - 


Project Clark Canyon Dam STATIONARY FIXED PISTON SAMPLER 


Project No. Date 550502 


Boring DH 85-11A Sample #2 


Driller J. McLaughlin Depth WSS 


Geologist 
19, 8-4..1.1.9.¢-3 9 F. Calcagno 


to 9.2 


Penetration 1.70 


Recovery - Gross 
Tube OD Tube ID fede 


Net 
Cutting edge dia. at Clearance 


k points ABeLs 0 Length of testable sample 


(trimmed) 


“ADVANCEMENT OF HOLE 


PENETRATION & REMOVAL OF SAMPLER 


Casing size & depth Chives (Cin rcelign Penetration from weight of rods 0 


Depth to bottom of hole Tao 


Total penetration Le70 


Method of advancement 3-7/8" rock bit Hydraulic pressure _90 psi constant 


Thickness of wash at bottom of 


tubéd 0 
hole before lowering tub Rate of penetration 


ube iowered to hee 
ae Mvmt of act rods curing push 
Rod size 
Comments on push: 
Comments : good 


BOTTOM OF TUBE Mvmt of act rods after release 9 


Condition of cutting edge - sketch Mvmt of act rods supports 0 


Method for lifting tube initial 
2 £t . hydraulic 


Comments: sheared bottom with two 
manual turns. 


Pliers used to repair TOP OF TUBE 
cutting edge? No 
Dist from tube bottom to piston 1/32" 


Distance from bottom of tube to: Distance from top of tube ‘to: 


a) soil before trimming 0 a) fluid above soil O25! 

b) soil after trimming I b) soil before trimming 1.30' 

c) packer 0 Ql sor estes trimming —1.354 
Type of packer plastic w/flexible O-rin$ d) packer B26! 
Pescription of bottom cuttings Type of packer _ plastic with flexible 


silty sand Sa eee ee 


GENERAL !IOTES: 


Some gravel on top of sample from cleaning out casing. 
Weight of soil: 8.00 lbs. 


Wet density: 118.1 


Dry density: 86.5 
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FIELD THIN-WALL TUBE LOG - 


Project Clark Canyon Dam STATIONARY FIXED PISTON SAMPLER 


Project No. Date “"5=30=65 


Driller J. McLaughlin 
Geologist 
Trnistecanax 


Boring DH 85-11A_ Sample #3 


Depth 9.2 “eae 


F. Calcagno Penetration 132" 


Recovery - Gross Lio 
Tube OD Tube ID 707 


Net Tea! 
Cutting edge dia. at Clearance 


eer nts eva Length of testable sample E09) 


(trimmed) 


‘ADVANCEMENT OF HOLE PENETRATION & REMOVAL OF SAMPLER 


Gacang Size & depth 4.5" @ 5.1! Penetration from weight of rods 


Depth to bottom of hole 9.2 


Total penetration eet 


Method of advancement Buttet tube Hydraulic pressure _95 psi constant 

Thickness of wash at bottom of 
hole before lowering tubéd ; 
ae : Rate of penetration 


Tube lowered to 


Mvmt of act rods curing push 
Rod size 


Comments on push: 
Comments: 


BOTTOM OF TUBE Mvmt of act rods after release 


Condition of cutting edge - sketch Mvmt of act rods supports 0 


Method for lifting tube initial 
2 Ets nydrau lie 


Comments: sheared bottom with two 
manual turns. 


Pliers used to repair TOP OF TUBE 
cutting edge? No 
Dist from tube bottom to piston QO 


Distance from bottom of tube to: Distance from top of tube to: 


a) soil before trimming 0 a) £iutd above soil O23: 


b) soil after trimming Or b) soil before trimming 1.80! 


c) packer 0 ¢) soil after trimming _]_ g1' 


Type of packer plastic w/flex, "0"'-ring d) packer |e AG Me 


oo ee eee 
Description of bottom cuttings Type of packer plastic with flexible 


Clayey sand "O"-ring : 


GENERAL tiOTES: 
Weight of soil: 5.38 lbs. 


Dark gray, coarse clayey sand on bottom; couldn't penetrate any 
further. 


Wet densit 
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United States Department of the Interior 


BUREAU OF RECLAMATION 
Deerfield Dam Construction Office 
P.O. Box 108 
Hill City, South Dakota 57745 


yer 
SN) 
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IN REPLY 
REFER TO: 
Woy 3.01998 200 | _ 
«fd syd | (2-/o | 

Memorandum Wenaas eee eae elke 
To: Regional Director, Billings, MT poate | 

Attn: UM-220 ‘ tpi ert re ae 
From: Project Construction Engineer 


Subject: Transmittal of Test Data on Sandy Silt near Drill 
Hole DH-84-4 at Clark Canyon Dam, Dillon, Montana 
Is 
Enclosed are the results on proctor density tests taken on the sandy silt near 
drill hole DH-84-]4. 
13 


The original sheets on the tests performed will be sent to your inspector in 
Dillon. 


Keith R. Barnes 


Enclosures 


cc: Assistant Commissioner, Engineering and Research 
Attn: D-230 (John Cyganiewicz) 


Pat McDermott 

East Bench Irrigation District 
1100 Hwy 41 

Dillon, Montana 59725 
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7-1451 (8-72 
Rureau of Reclamation 


LABORATORY SAMPLE NO. 


AR se 


SAMPLE PREPARATION AND GRADATION ANALYSIS 


DH 4-7/3 
LPD, 10' Ye of Bir-eeHe C2 


exc. no. GD pepty /)/ ee: 


ioe / 
FEATURE ARPA / 
SAMPLE PREPARATION | 
SES 2 A Ss ees 
| 
PREPARED BY a % MOIST + NO. 4 WET WT. TOTAL SAMPLE 
DATE 9 -EE& “ MOIST - NO. 4 DRY WT. TOTAL SAMPLE 
SIEVE SIZE — 3" 1-1/2" S/My ee mayiele NO. 4 TOTAL WT. 
PASSING KO. 4% 


WT. RETAINED 


. RETAINED 


DRY WT. PASSING | 
% OF TOTAL PASSING | 
S'TEVE AND HY 


\ 
/= 


DISH NO. xX D?Y WT. OF SAMPLE (W 


DFOMETFR ANALYSIS 


© (em) 
DRY WT. OF SAMPLE (SIEVED) Pad pet 


/ Ns 
SIEVING Tle (S$ por ONE ee Le ae ae ts 
SIEVE WEIGHT WE | GHT OF TOTAL PARTICLE 
RETAINED PASSING PASSING DIA (mm) REMARKS 
to 
ZG 
eel 2 | 99,9 4] 1.10 
=z oa. f 
a 
a r= 99°89 390 | 
So 
xu a eal 2 
ae ona = | j 
100 ee A79.z 0.149 
ie aan | | = 
TOT 1. 272 TESTED AND COMPUTED BY __‘4a@~4 ss CHECKED BY DATE _! | 
HYDROMETER ANALYSIS 
HYDROMETER NO. SYLO Tieprtarsenacens Ale |E aye ON 
STARTING TIME ez EMAL erect 22S Y Maui Sa AZ at | 
fo} SR REA = OF TOTAL cS | 
Lupe, ae 
- <i 
i GE EO 0.037 G 
an eee . Dyes 
«<< 
a ri aa 
el See E& 0.019 
ul 
aS ee oy v.009 | 
a 
o Ede ol} 
oe Seu) 0.005 
pee 0.002 | 
Lf gos 0.001 | 
ay 
i CHECKED BY DATE | 


"Not required for standard test. 


GPO 837-390 
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7-1991 (8-71) PROCTOR COMPACTION TEST ae 2 
Bureau of Reclamation 
é 1 ewe Oe a RN cco Nye ¥ of fe, I) 
ee Lene, aa yt 7 In Place J SS iV) GEIR. } 
. , : TPE im . 

PROuECT UO havi Carn Vow Paw FEATURES aie: one “7s ae Doe Sue wo. CCI": 

: ao Le. suas WEA Leas 
TESTED BY n J bal computeo By JA 7 CHECKED BY ae Date Nee 
DEGREE OF COMPACTION, PROCTOR STANDARD xX OR MODIFIED ia IF MODIFIED, SHOW RELATED IMFORMATIOM AS FOLLOWS: 
BLOWS PER LAYER Zs HO. OF LAYERS ap HEIGHT OF DROP cS 
WEIGHT OF TAMPING ROD SES Ib VOLUME OF CYLINDER Cy.0S O90 sc 


fe — —— — ae ln = = SS gr ea PSSA 
| TEST NO. ! | | 3 4 | 5 6 7 € 


DENSITY DETERMINATIONS 


BO 


yo 


Be x : zs 
eee | = | 
wie woe te) yan ce | — Soe ee Se 
pies maki i 
Sire aa | ay 
BDA pier nr 


WT CYL.+ WET SOIL (1b). 


—_ = ——— 


WT OF CYLINDER (1b) 
Le 


WT OF WET SOIL (1b) 


WT DENSITY (pcf) 


NEEDLE WO. 


AREA OF NEEDLE (sq in.) 


| AVERAGE READING (15) 


PENETRATION RESIST. (psi) 


WATER CONTENT DETCRMINATIONS 


WEIGHT OF DISH 


WEIGHT OF WATER 


WEIGHT OF DRY SCli 


| QUESTIONS TO ANSWER FROM OBSERVATIONS BY CPERATORS DURING TEST 


1. HOW FAST DOES SAMPLE ABS928 WATER? FAST MEDIUM (ee SLOW 
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@ Selected clay, silt, sand and gravel compacted 
by tamping rollers to 6 inch /ayers. 

@) Selected sand, gravel and cobbles compacted by 
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() Miscellaneous material compacted by crawler type 
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Of = Alluvial fan deposit; Th= Beaverhead Conglomera fe; 
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NOTES 


[.0.G.S. (ORIGINAL GROUND SURFACE) From 
drawing number 699-0- 246. 
Z. Core trench excavation from 
ar awing Number 699-D-/96, 
3. Embankment zoning from 
drawing Number 699-D-/97, 
4. Notes 2 and 3 modified by 
riffing. 
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EXPLANATIONS NOTES CLARK CANYON DAM 
C1) Selected Clay, silt, sand and gravel compacted 1. 0.G.S. (ORIGINAL GROUND SURFACE) from SECTION 2-2 
by tamping rollers to 6 inch layers. Orawing number §99-D-246. STAONE II 50S 
(@) Selected sand, grave! and cobbles compacted by 2,Core trench excavation from 
crawler type tractor To 8 inch (a iyers. drawing number 699-D~/96, 9 40 go 
@) Miscellaneous material compacted by crawler type 5. Embankment Zoning from 5 
tractor to 12 inch layers. - Orawing number 699-D-197. oo ae 
(4) QF = Alluvial fanceposit; Ty= Beaverhead Conglomerate; 4. Notes 2 and 3 modified by 


Mm = Madison Limestone, drilling. 
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(2) Selected sand, grave! and cob 


EXPLANAT /ONS YON DAM 
elected clay, slit, sand and W 3-3 


by tamping foliers to 6 inch 


crawler type tractor to 8 ifm 
Miscellaneous material compactt———— 
tractor to 12 inch jayers, " FE? 
Qal= Alluvial materials; Tb: B 
Mm= Madison Limestone. 
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EXPLANAT / ONS NOTES CLARK CANYON DAM 
(D Selected clay, silt, sand and gravel compacted 1.0.6.5. (ORIGINAL GROUND SURFACE) from ECTION 3-3 
. by tamplng foliers to 6 inch layers. drawing number 699-D-246, STATIGH 24450 
12) Selected sand, grave! and cobbles compacted by 2. Core trench excavation from 
crawler type tractor 40 8 inch layers. drawing. number 699-D-/96. fo) 40 6° 
3) Miscellaneous material compacted by crawler type 3. Embankment Zoning from — Ses 
. tractor to 12 inch layers, drawing number 699-D-/97, Sree FEE 
4) Qal= Alluvial materials; Th: Beaverhead Conglomerate: 4, Notes 2.and 3 modified by 
M m= Madi son Limestone, : orifling. 
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